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, - DISCLAIMER 

Mention of brand nairi^ of equl^i^t does «iot constitute endorse 
ment or »%comnendation of product by the Environmental Protection 
Agency. The information and findings presented in tWs paper are 
not to be construed as representing official equipiwnt dtfign or 
modification specifications. 



■ ^ . •. • 

. ^ ' ACKNOWLEDGEMENTS . ' • 

• • 

The Environmental Prptectton Ajeric/» Region Vll Field Investi- . 
g^tions Sectlcfn wishes to acknowledge the cnoperation of the titles 
^T Kansas City, Kansas;. Kansas City, Mi'ssouri ; Lincoln, Nebraska; 
•nd Ashland, Nebraska, and Richards -Gebaur Air. Force Base in allow- 
ing the secttpn to co«duct*'sai^»ler comparison studies at their 
wistewater treatment faciltties. « 

The sectlonvjs-alsQ indebted te the 'Instruipent^tlon Specialties 
ClMvan> of L1flcjln,,r<ebr4sk^; the N->Con Systems Cocipany of New 
Itochelle.^lew York; and ^6 Sircu Contrx;l. Company ot Seattle, 
Washington, fbr loan of siMpling equip^snt which was MSfd In the 
fampler comparison . studies. 



\ 



111.' 



TABLE OF CONTENTS . - 

' . PAGE WO. 

\ ■ • " ■ . * . ■ • 

DISCLAIMER 1' 

« 

ApKNOWLEDGEMENTS ' *....:.".., 11 

T«LE OF CONTENTS •. . . ^. . 111 , 

.LIST OF FIGURES. \ "... , v11 

LIST OF TABLES : - 1 ~ vllt 

. I. INTRODUCTION ' • 1 

II. STRUCTURE AND ACTIVITIES OF THeIfiELD 

INVESTIGATIONS SECTION, .^...f.,... •. 4'. 

UI. SAMPLER RELIABILITY, INSTALLATION, AND OPERATION . 10 

' , A. SAMPLER RELIABILITY . '. .:. .10 

1. SAMPLER JNVENTORY. . " . . . . 10 

a. SytlAMOTOR MODELS WA-2 AND HO-2 .... 12 

b. BRAILSfORD MODEL EV-1 / 13 ' 

c. BRAILSTORD MODEL DU-1 14 

d. BRAILSFORD MODEL EP-1 15' 

e. HANTS MARK 38 ............ . 16 

f. ISCO MODEL 1391-X *. . 17 

. ' . • g. ISCO MODEL 1392 ' . J8 

h. SJ'rCO MODEL MKV7S 'IS 

/ i. PRO-TECH MODEL C6-125P 20 

■ j. QCEC MODEL CVE.,7,v /ai • 

>. j(. ' N-CON SCOUT Z2 

N-CON SURVEYOR. ^ 23 



G 



1 



IV. 



i 

PASE NO.*^ 

\ ' ' 

' rt. N-CON SENTINEL/. . , / • • . 

2. INCIotNCE. OF SAMPLER MALFUNCTION 24 

• / / ' . X • 
B. INSTALLATION AND OPERATION OF/SAMPLING 

EQUIPMENT. . . f . ^ ,/ . . . / ' .27 

SAMPLING METHODS .AND DAT4 VARIABILITY. ........ 32 

■ A. PERFORMANCE OF AUTOhWTIC WAl^TtWATLR 

SAMPLING EQUIPMENT/. . . .// ^ . , • . 32 • 

1. RICHARDS-QEBAUR AFB jSTUW 3^^ ' * 

^. THERESA StREET SEWAGE TREATM''NT P^ANT 

- LINCOL^i', NEBRASKA , 50 

' • ' ' . . . ' > 

^ 3. ASHLAND, NEBRASKA, SEWAGE TREATMENT PLANT . 53 • 

4. KANSAS cm, KANSAS, KAW POINT SEWAGE'^ 

TREATMENT PLAN-T - OCTOBER t973\ ...... 57 

• 5. KANSAS city; KANSAS, KAW. POINT SEWAGE 

, TREATMENT PLAH>- DECEMBER- 17-19, 1973. . . E# * 

B. comparison: OF TWO MANUAL GRAB SAMPLING METHODS . 65 

C. INTERLABORATORY VARIATIONS ........... 12 y 

D. SUMMARY AND DISCUSSION . ~( .... 75 " 

1. SAMPLER PERFORMANCE 75 

- . 2. ADDITIONAL PERFORMANCE STUDIES. . . ' • 79 

^. saECTLON OF SAMPLING^ EQUIPMENT 80 

4. FLOW PROPORTIONAL SAMPLING. . 81 

5. SAMfLING METK0O0Lt)GY. ...... ^ .83 

6. THE IDEAL AUTOMATIC SAMPLER 85 " 

7. THE PROFESSIONAL IN THE FIELD*. ...... 87 



ERIC 



er|c 



PAGE NO. 

V. HYDRAULIC MEASUREMENTS . • • 89 ' 

A. WEIRS, FLUWE§, AND RECORDING EQUIPMENT. 90 

1. WEIRS. . t 90 

• 2. FLUMES . . . \ •. • • • • . 

3. FLOW RECORDING EQUIPMENT 93 

a. FACILITY ^^ECORDERS. 93 

b. PORTABLE RECORDERS. 94 

(1) BEL'FQRT LIQUID LEVEL RECORDER , . .94 

i 

(2) MANNING DIPPER RECORDER 95 

c. DISCHARGE CALCULATIONS . • . 96 

B. WET WELL VOLUME DISPLACEMENT 96 

.C.' FLOW RATES IN PIPES , " .]....'... 97 " * 

1. VOLUMETRIC MEASUREMENT . • • 97 

I 2. PIPE WEIRS , . . ■ 97 

3. TRAJECTORY METHODS 98 

a. CALIF0RN;A PIPE METHOD.. » . , . . . ; . •. 98 

b. PURDUE METHOD 99 

4. ORIFICE BUCKET 99 ' 

5. MANNING FORMULA . . • 100 ' 

, 6. FLOWMETER. / . ' .101 

p. OPEN CHAKNEL FLOW : . . ^ . , 102. ' 

: 'l. 'STREAM GAGING. 102 . 

. ' .2. ELECTROMAGNETIC WATER CURRENT METER 104 . 

. E. - PRECISION OF THREE MEASUREMENT METHODS'. 105 



VI. CONCLU^ONS. 



APPENDIX - nms AND ADDRESSES OF MANUFAjCTURERS AND 
^ \ . SWP^LIEBS OF SWPLERS" LISTED IN .TABLE I. 

BIBLIOe«APHY ; .• 



I • : 



vil 



FI6URE NQ. 
1 
2 
3 



( 



LIST OF FIGURES 



Flow Rates " Richards -Gebaur Sewage 
Treatment Plan^ 



Extraneous Flow .Project grab Sampling of 
Influent With- Bucket - September 7, 1972 . . 

Extraneous Flow Project - Grab Sarrp]1ng of . 
Influent With Submersible Pump - November 6, 
1972 , T . 




PAGE NO.: 

, 40 • 
69 

7n 



\ 



10 



vlii 



■ TABLE NO. 
I 

*II * 

III 

i 

IV • 



VI 
VII 
VI 11 

IX 

X 
XI 

■XII ' 
XIJI 



XIV 



ERIC 



/ , LIST OF. TABLES - 

I 

*■ . PAGE NO. 

INVENTORY OF AUTOMATIC WASTEWATER SAMPLERS ; .71 

INCIDENCE OF SAMPLER MALFUNCTION ....... 26 ' 

RICHARDS-GEBAUR SEWAGE TREATMENT PLANT 

•RAW WASTE^ '37 

RICHARDS-GEB^R SEWAGE TREATMENT PLANT 

PRIMARY EFFLUENT . . . . : ^ ' .- . - 38 ' 

RICHARDS-GEBAUR SEWAGE TREATMENT PLANT - ; 
FINAL EFFLUENT 4^ 39 / 

RICHARDS-GEBAUR SEWAGE TREATMENT PLANtilFS 
COMPARISON RATIO OF SAMPLING METHOD VALUE TO 
MANUAL FLOW. VALUE . . . ^ . . . . 41 

APPARENT REMOVAL EFFICIENCIES OF RICHARDS- ' 
GEBAUR FACILITY WITH VARIOUS COMBINATIONS OF . 
24-flk SAMPLING METHO.DS ^ . '43 

RICHARDS-GEBAUR.. NONFILTERABLE SOLIPS REMOVAL 
EFFICIENCY J\S A FUtaON OF NUMBER OF GRAB ' 
SAMPLES, TIME OF COLLECTION, COLLECTWN 
INTERVAL, AND l)AYS OF SAMPLING.. ^ .. 45 

RICHARDS -GEBAUB/^IR FORCE BASE STUDY. - " ^ 
ANALYSES' OUTS/DE RANGE OF MANUAk ' * 

FLOW-CQMPOSITED SAMPLES 49 

• STATISTICAL SUMMARY OF RICHARDS-GEBAUR. STUDY . 51 ' 

THERESA STREE:T SEWAGE TREATMENT PLANT - 

LJNCOLN, -NEBRASKA - WAST^ATER * 

CHARACTERIZATION ^. . . " 54 

• -> " r 

ASHLAND, NEBRASKA', SEWAGE TREAT>4ENT PLANT - . ) 
RAW WA^TE. 55 ^ 

. ASHLAND. NEBRASKA. SEWAGE TREATMENT PLANT - ' 0 
FINAL PFFLUENT 56 

APPARENT REMOVAL EFFICIENCIES OF ASHLAND,, 

NEBRASKA. SCWAGE TREATMENT PLANT . .' 58 " 

•11 , • 

( ■ ' i 



ERIC 



PAGE fiO. 



62 



•TABU NO. , ' ' ■ • 

~ • . ;• , . ■ ■ 

KAW P0IMTr5€W-AGEJRpATME^.lj[ANT. . . 

'^^'^ '^sepSp; ,^\tj/v<eous .flow project , 

/ SSefE' K ^^^^^NG WITH 

' ■ ■ lim KM^rf?!^"' F'^*^^ TREATMENT 

PLANT KANSAS CITY. KANSAS^^ APRIL 1973. . 74 

XIX SWMMARY OF FLOW MTA OBTAINED bsf«G A PRirr 



107 
^ AND 
108 



/ 



/ 



I. INTRODUCTION 



The Ehv1ro«R*ntal Protection Agency, Region ^11,. F1el<l Inves- 
tigatlons 'Section h^as been responding to an increasing nui6er of - 
requests for Information resulting from Its water/w«te*f4ttr s«n- 
pllng activities and Us experience wfth various cowwrc/al s 



and flow measurement* devices. These requests have com 
environmental agencies, other EPA regions, engineering consulting ^ 
firms, commerclajl Jabpratorles, industries; universities, vocatfonal - 
schools, and Individuals. It is the purpose .of this. report to ^ 
consolidate and summarize the activities, experience, SMppling 
methods » and field measuremer^t tettinlqoes of th^ Field Inv€St1gaiiori$. 
Section 1n order to provldeni reac(y source ''of infor^tion for these 
intferested parties^ , . '( ' 

During the past^two years there lias been a dramatic expan/ion 
in deman4 for wastewater chemistry data on poii\t so\j(/ce dischai^s 

and a concurrent sh4ft^away frbm geifprarpurposje stream studies. 

t ' * • 

In order to meet these needs and^ provide data for fnforcemettt 
efforts r compliance monitoring^ water quality standards evaluations, 
and waste treatment mrility operational assistance and performance 
evaluation,, the Field Investigations' Section has minimized efforts 
h^quirin^ manual methods'^of sample colTectlon ^d has placed 
increasing rgllafrfee^ Upon Commercially available ai|tainatic MStewitdr 
sampling equipment. > ' 

Emphasis on point source sampling has be^n accompanifd by^ a 
corresponding .increase in. the need for hydraulic discharge 



^measurements for. t+ie jjurpoSes.^of making up f1ow-proport1ona1 
^ampi?^. cafcl3i»ting pollutant loadings, and setting effluent 
limitations.' With the huntlreds ofdischapges sampled every, year,, 
the Field. In veSt'igat'ions-Se.ction h?s been forced to resort to an 
ever expanding variety of flow measurement techniques as a result 
'of the plethora of* "S^i^ling site configurations encountered fn i,ts 

field surveys. ' , 

As the section gained famniarlty and experience with various 
compositors and hydraulic measurement methods an^ with the accumu- 
lation of large volumes of water quality information, it became 
apparent that different sampling equipment and flow measurement 
techniques resulted in' significant data dissimilarity. These dis- 
/crepancies raised several questions regarding: (a) the reliability 
o.f various commercial jMmp.Ung equipment, (b) the representative- 
ness of samp'les collected by different automatic sampling equipment, 

• (c) the variation in wastewater chemistry data which can be expe>cted 
as a result of differences in performance tff equipment and changes 
in manual collection methods, -(d) the adequacy of discrete grab 

* sample analysis for routine surveys, and monitoring programs,, (e) 
the necessity *of^ow-proportional sampling of raw municipal 
wastewaters, and (f) the precision of flow measurement methods. 

During the pas't twelve months the Field Investigations Section 
•has mounted several special sampling efforts- and has extracted data 
from past and continuing surveys and has drawn upon the collective 
experience of the section's staff to gain insight 1n.to the preceding 

14 



considerations. This report details the. results of that/twelve- 

month effo-rt. ^ 

' \ 

It is rtot'the function of this report to serve as a substitute 

' % ' , • S ' 

for -the- judgement o> the pi*ofessional in the fieMd but rather to 
provide a basis for the development of sound sampling programs and 
to focus attention upon those srburces of error and data variability 
which the^section has gained knowledge of, often at conslderab.le 
.time and expense. It is the opi-nion bf the Field Investigations 
Staff that data quality control should start In the field 'Instead 
of theMaboratory. . ^ 

; As thfe experi«npe of the'sec^tpn continues to gro«, as new 
sampling situations ctre"^encountered, and as new equipment comes on 
the market- anifl becomes available to the section for testing ancT 
evaluation, it is expected that this report will be revised and 
expanded. * . 



I^'STRUCTURE AND ACtrVITIES OF IH&flELD H^VEST-IGATIONS SECTION 



The Field Investigati^^ection , Which is Ijocated in the 
offices of the EPA, Regijan VI 1 Laboratory*, consists of eight. pro- 
fesslonat and siibpro,fess>ona1 employees who are responsible for 
planning the field siirve^^s- and sample collection activities of the 
Surveillance and Analysis Division. This division, wilk^^its labo- 
-r^itory c^ability, provides the watef quality information of the 
agency in the four-state 'region of Missouri, Nebraska, Kansas, and 

• Iowa. u " - . 

, The Field Investigations professional staff ii^cludes two 

san>tarjr engineers (6S-13 and 11^, ^ne chemicaV ^ngijneer (GS-ll), 
- and one hydrologist {GS-9). The subprofessional staff cons>sts' of 
four engirfiering technicians 'lil^grades ranging from 6S-3 to 6. The 
regional laboratory, with a staff of eight professional chemists 
{GS-7 to 13) and th'r^e microbiologists (GS-7, 9 and 12), is respon- 
sible for operating the nwbile laborato/iets of the section during 
\ field 5urvej^sl • ^ ^ ^ 

In areas) outside the range ?n^ which analytical support can be 
provided by regional laboratory, field sampling^teanjs: normally, 
operate with'in a 161 -km (100-mile) radius of a mobile laboratory 
which IS generally set up at a wastewater treatment facility in 
a community witiiin the area'of'^ihterpst. Because^f logistics 
problems in sgme of^the- more sparsely populated ^re^s df,t|>e 
region, it is frequently necessairy to work field. teams outside of 

» 

* 25 Funston Road, Kansas Gfty, Kansas 56ll5 

•re- . . '. . 



this 161-km tlOS-mile) radius. Ten to twenty-five percent of the * 
total field, activity may be conducted ^t distances up to 322 km ' 
(200 mi.res) from th« "laboratory base. Opera.ting at these greater 
dista'nces reduces the section- capability by an estimate fifty per- 
cent, and greatly increases tlje unit cost of sample collection. ' 

Prior to mounting. a iutyey the section malces- every effort to 
ascertain and consolidate ttre v^irious .data needs of the agency and 
of the state in orcler to avoid duplication of effort and to ninimize 
the number of laboratory set ^s. It requires a minimum of one wk 

mo ten days to pfcepare and stock a mobile laboratory} get it on 
site; have electricity, water, and phone insta.lled; and then torn 
down and ^turned taXansas City following completion of a survey. 
If p'ossible. field activities in areas requiring mobile laboratory 

•support are restricted to surveys of thirty days duration- or. 

'longer, \, ^ 

Major field ec^utpment currently available to the Field Inves-' 
ligations Section.. in addition to analytical equipment penwnentiy 
housed in the regional laboratory, are listed b?1ow with the 
approxiniate initial costs: ■ • ^ 

1 Mobile Laboratory , ^.$^5,000 

1 Mobile Lalwratory (on loan) 

*• 7 GSA VehicTes (monthly operating cost) 800 
5 Boats and Motors ^ • 5,000 

SO Composite Sample Collectors 
, (apRroximately SSeOfeach) • ^ft.ooa 



tlow. f^cording and Measuring Equipment* , $ 6,600 
Current meters. 

• * 
Weirs , . ' * 

Float recorders • ' . ^ * ^ ' 

^ .Concjuctance liquid le.vel recorders 

Field Analysis Equipment " 6JO0 

pH meters ' * ^'jr < • ^ 

'Conductivity meters ^ ' ^ ' ; 

Fluorometers . . ^ ' . r *^ 

Dissolved- oxygen merters 

Sonar depth meters 

Portable Generators . v j goo 

Met?! Detector " 300 - 

. The section attempts to 'carefully review the locations' to be 

••sampled 'in prd^ to limit sample collection "and to reduc^'the 

analytical work load on the laboratory to the absolute^min required 

■to provide tKejnecessary infonnation, ;In the routine monitoring of 

municipal wastewater treatment facilities, the section nomally 

^ utijizes unatten^ledjcompositors to collect three 24-hr composites 

at ail influent and effluent stations. , Lagoon effluents are 

, gerveraily grablrampJed due to the mo.re unl f6nn' character of these 

discfhirges. $<:hediiUng, three days of sampling at each site allows 

^- the section some \atitude in the event pf compositor malfunction br 

■ missed dilution in the labqratory. In the 'absence* of any evidence 



mdicat.nl^. s\;-nmf i.^,ir;t i nju_stn 'waste, problem, data coUected 
on municipal wastewaters incHude; . , S . ' 
'Wat€r tempera-'ture' . ', ■ , f . • 

flow (instantaneous t)r con^indOAJS depending updn'pl'df^ . - 
rewrdei^s and/or flow measurement^ devices ) * - ^ ' . 

Specific 'conductance • . ' , - ' - " • * i 



five-d^y biochemical oxy^o^' demand V . "^'r 



Chemical oxygen demand * " '' - ' • - * 



.. .Nonfilterable solids. (Total suspended^ solids) * ^ : . 

" - ^ ; ^ ' ^* * - . ; 
' Ammonia nitrogen.* ^ ' , ' ' ^ " <-'^ . . , - , 

. Total- kjeJdahl nitrogen ; ^ , '•..»; •' ' ' ' 

Nitrite-nitrate nitrogen ^ ::'V-r ' ]^ > f Vv-^ 
Total phosphorus . ^ . ' \ ^ ' 

, • FecaV coniform, » . V J; ^ • • 

industrial wa'^steWaters* of f'er almostrend^l^ss variety .^nd.'U Is 
difficult to generalize sampl ing- efforts r- ' 'Cur^rif ifiduUHal,S«n- 
pling h'as been ortenfeci toward a 5-d^V w6rk' period- at eadh -Dlant ■ 
•with unattended mechanical 'time-coiliposite 'sample collectors' *• .. 
installed at each'point of* interest,'. ^amp]l» ablWction ^rfods' 
are general ly •24- Hr and samples .are* split wUh 'coljigany persoojlel. ' 
■Analytical -recu/i remeats^yarai' -widely but generaMy incl ade^'tK^'same 
analyses as for m.unicipal wdstewaters^t)1 several me^aWialyses, 
and y^reauently oil and grease., ' Thos'e industrial wastes Wh'icH , . '"^ 
^^>Te jse of tife .gas chrdmoto-gFapny-/hass spectromete^'(GC-MS) for 



analyses* require dnaTytical tiiDes w^vch are onder.^-'^ofvmagnitude 

greater than the time necessary for other determinations.' A^^ngle 

sample for GC-MS anMysis can demand as much as one "man -mo nth of . 

"professional analytical time. ^ *. . , . * ' 

Under favorable conditions a mobile .laboratory field operation 

works best wi t:fi a crew of seven people including: (a) two engi- " 
i * ' • , . . . • 

Sneers, (.b) twd engineering techniciahs, (c) onq chemis^, (d) "She 

microbiol ogrs t , and Ce) on&" laboratory technician, forking • • 

entirrl7 within d'161-km (100-mile) radiu^^-of the mobile labora- 

tpry this staff (which is rotated at 2-wk intervals) would be able 

to install con^ositors anrf collect approximately -100 samples per 

wk for^'^ffeld, ancj laboratory analyses. Total t'ime and cbs^t for a • 

'30-day 'field survey is estimated as follows: \ 

&figineers ' ^ ; ; \ -^^ 

•1 man-k>nth office preparation - ^ . ' 

(1 man-months .field work ' - " . 

.2 .-jfnan -months data analyses and report writing , 

Engineering Technicians . /. 

J •• . ■ . • .• 

2 fflan-months mobile laboratory and equipment 

repair ajno preparation * . 

4 ffan-mon^hs field work * • • ^ 

Laboratory P^rSj:>rTnel ^ 

6 man-morfths mobile laboratory work 

6. man-mohths regional laboratory analytical work ' \ . 
Clerical . ^ • * • ^, . 

f2 man-months pi anni ng- ^nd^ report preparation " , 



Cos ts 



Salaries^! - ' $23>500 

Per^ Diem ' - J \ 7,300 

Travel of Personnel 400 

Gpvernm^H^^^I of Ladings . 400* 

Vehicles ^ ' • . 1,000 

Miscellaneous Equipment 1,500 

J • ^ ■ 

(Ice, batteries, containers. 



utilities, chemicals, et'c.) 



$34,100 



This results in an average .cost per sample of $85.2? for survey 
work not requiring use of the GC-MS. The cost for eitTmatIng 'pur- 
poses should be raised to $100.00 per sanople to cover management 
and other overhead.. 



Salaries are multiplied by a factor of 1.2 to accoiint for com- 
pensatory tijne allotted following, the l'd-to-12-hr, 7-day-a-week 
work §/:hedule normally .used in vthe field. . 
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HI. SAMPLER RELIABILITY. INSTALLATION, AND OPERATION 

^ A. SAMPLER RELIABILITY • , ' 

^ Within the past two yr the Field Investigations Section has 
purchased fifty cbimercial compositors of fifte6n makes and models 
-and, as a result of numeK.ous s-urv^s, has collectively accumulated 
approximately 9t).000 hr of ffeld operational experience with the 
units on municipal and industrial raw and treated' wastewaters under 
summer and winter conditions. This experience has polnte'd out 
design weaknesses, operational difficulties, and maintenance ■ prob- 
lems and has given the section. an understanding of the capabilities 
and limitations of each sampler. 

A previous evaluation (1) of commercially available samplers 
Imported \'^]e In the w^ of field' operational information. It -is 
; believed that this sUimary of on-site experience with these instru- 
ments -will be of valae to others in the water pollution control 
field in selecting compositors for sped ffc appl ications and In 
avoiding som& of those operational problems encountered by the ' - 
Field' Investigations Section. 
1. SAMPLER INVENTORY ' ' ■ 

T^le I 1$ an inventory of fourteen various makes ^models 
Of commercially available compositors which the Field Instigations 
Section has used routinely on field sampling efforts or has gained 
sore experience- with, courtesy of the manufacturer. ; The section - 
•also has two addui onal cj:-iiposi tors which w^re eithe'r special ' order 
or were ma.de in the'^aboratory; however, as these ar-e nonstandard. 



* ' TABLE I , \ 

INVENTORY OF AUTOMATIC WASTEWATE'R SAMPLERS* • 



Saf»iDler 


Cost 


Power ^ 
Supply 


Type Of 
Sample 


Type Of 
Pump 


Intake 
Tube 
ID 


Liquid 

1 11 Ike 

Velocity 
an/sec(^) 


Cycle 


1> 


450 


' AC*^ 


Time 


Peristaltic ' 


3.17 


7.9 




Sig-anotor WD-2 


650 


AC-DC 


Time 


Peristaltic 


3.17" 


7.9 


No 


BraWsfora EV-1 

f 


: '583 


AC-OC 


Time or 
Flow 


Vacuum Pump 


4.76 


0.45 


w 


Brail sfjjrd DU-1 


325 


DC 


Time or 
Flow 


Piston 


4.76 


0.45 


No 


Brail sford EP-1 


^ 300 ; 


' DC 


Time 


Piston 


4.76 


0.45 


fkx ^ 


Hants. Mark 3B 


595 


Manual 
Vacuuin 


Time 


Hdnual 

Vacuum 


'6.35 


^ 75^^) 


No 


IStO 1391-X 


995 


AC -DC 

V 


Time or 
Flow 


Peristal t1^ 


6.35 


21 


Yes • 


I SCO 1 192 


. 995 


AC-BC 


Time or 
Flc^ 


Peristaltic 


6.35 


61 


Yes 


Sirco MKVS7 


1 .275 


AC-OC 


Time or 
Flow 


Piston 


9.52 


. 98 


Yes 


Pro-Tech CG-125P 


580 


Gas 


Time or 
Flow 


Gas Lift 


3.17 


207 


Ye$" 


QCEC CVE 


620 


AC 


Tine 


Piston ' 


6.35 


61-152 


Yts 


Nr^on Scout 


4S0 


DC 


Time 


Peristaltic 


6.35 


7.6 


Yes 


N-Con Surveyor 


275 


AC 


TiBie or 
Flow 


Impeller 


f2.70 


36 


Gravity 


N-Con Sentinel 


Unknown 


AC 


Time or 
Flow ' 


Optional 




Variable 


NA 



(a) ^Itiply by 0.0394 to obtain inches 
(bl Multiply by 0.0328 to obtain fps 

Loaned courtesy of manufacturer 
(d) Mean - ^ ' , \ 
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not re^'' 'y aval jbie itj^, they wil-l r\L\ bt: cIislussoc c-- ims - 

reports «^ ^ 

The narties and ^aadresses of tne manufacturer's of the composi-, 

tors shown ^n Table I can be found in the appendix. The cost 

figures ^or each compositor represented the ba^ic unit only> anjj do 

not reflect such optional extras as rechargeable battery packs; 

flow-proportioning 'devices , or multiplexing units, etc. Type of 

sample refers to whether the'^strument is restricted to taking a 

ti me - comp Ob i te .sample or vf it has flow-proportio,nal\capabili ty 

(optional extra). It can seen that mps't af the units can 

collect both types of samples. Intake tube ID and liquid intake. 

velocity refer, respectively, to the inside, di ameter of the sample 

intake Imp and to the velocity of the liquid in this line during 

the sampling cycle<^ Table J also indicates whether or got the' 

» • <• 

sampler has^ a fJurge cycle to prevent hdse clogging and to redtrce 
cross coatami nation of discrete 5^mpVes or aliquo'ts, 
a. SIGM/^nMOTOR MODELS WA-2 AND -WD-Z 

^ * The operation ot^hese twoTAComposi tors is identi caV wi th the 
exception of the alternate battery pack power st)birce\n Model WD-2. 
These units rely onta timer and peristaltic pump for conection of 

■ » \ # • 

time-composite samples. Six of these units have bee^ usedYo^^ 
several "ihQusand hours of running time. The units are durable and 
easily installed io manholes. Routine sampl i ng. wi th 4.5-m (]5-ft) 

heads ""^^ pr^ss^^'- . Be^^j.^ of the 3.17-^:^^ (l/8-in.) ID ■•nt^kejine 
and tr\t /ifjL ^0.^?6-■f^>s ) liquid intake velocity, tnese umts ' 

24 ' 



are best suited to vaste streams without .large oY high density 
suspended material, ^ ' - - * 

Field use has revealed some operational problems with these * 
units. These compositors have no" by-pass switch on the timer and 
during installation it is necessary to reset the timer to zero 
several times to check^the operation of the pump prior to setting 
the timer to the appropriate sample collection cycle. 

The motor unit of these compositors is- at the bo-ttom of the 
fiber glass case which h^s a 1.2-cm (0.5-in.) lip on It. If the 
sample container overflows, this lip w.1ll retain enough water to 
short out and permanently damage the motor. This situation 
occurred, during one of the afield surveys of the section and majtor 
replacement cost was $37.40. 

Battery operation of the WD^Z^model fs restricted unless 
extra batteries and recharger are available. Only one da^y of ^ " 
operation. is possible from.ti^fully cKarged battery pack*, 
b. BRAILSFQRD MODEL EV-1 

This unit collects a single 3.8-1 (1-gal) sample during an 

8-, 16-, 24-,\r 48-hr period. Operation is dependent upon a 

vacuum pump and metering chamber. Maximum pumping head for this 

Compositor is aboutJ.Z-to 1?6 m (4 to 6 ft). The unit will operate. 

continuously for five days on a 12-v, rechargeable battery. For • 

reliable operation this compositor should be installed level and 
* 

the metering chamber cleaned at frequent intervals. A build op of 
solids in the metering chamber will cause the float lo stick and 



will result in incomplete co(npoiitfes. Because of th^e small -diam- ^ 
eter sampling hose and. low liquid Intake velocity, th^s sam|ler is 
best utilized for sampling wastewaters with low suspended solids 
concentrrtions. ' *, 

With aR optional head detector an^a suitable weir this unit 
will Qpllect flow-proportional samples. 
. C. BftAILSFORD MODEL DU-1 

This compositor utilizes a small piston pump to collect a 
single 7.6-1 CZ-gal )* sample over aF variable time period. When used 
in conjunction/with a ^linear head detector and an appropriate weir, 
^'this jcomposi tor wil 1 collect flow.-proportional sajnplei^ The 
Instrument, with the e^cept^oh of the optional head detector, is 
-self-contained and can be easi ly installed in a manhole. Overflow 
of the sample bottle is 4)Peven ted b>^ d afloat activated cut off 
swi.tch which tits in t^he top 'of the bottle. V This, switch is sensi- 
^tive to positions from vertical and nece5S:itates Jevel instfllation 
of the compositor/ If routine servicing is'assur^c^, thi| s^ch 
.can be by-^ssed. Maximum head is about*!^ to 1.8 m (4 to 6 ft).' 

Battery voTtage must be checked routinely on these.tjni ts. 
*When 'batteries under power show less\than 5.5-v, they should bl 
replaced. Iron and/or. lime precipitation and. scouring of the 
piston chanter has been a problem with boiler blowdown and water 
plant. wastes. The discharge nipple of the piston pump is In a 

* 

restricted k)cation behind the pump mounting plate. Attaching 
tubing tp. this , nipple is difficult, especially under winter fiew' 

^ : ^ 



conditions. . Because of the 4.76-mra (3/l&-in.) ID intake line and 
-the 0.45-cffl/Sec. (0J8-fps) liquid intake velocity, this sampler is 
Best used on waste streams with low suspended solids concentratto^fiT^ 
d., §|WILSFORD MODEL EP-1 / , ' 

This compositor is an/'explosion proof""'unit with a cast- 
aluminum housing foY motor and 6-v lantern battery po^r source. 
Sampling, is, by a piston pump with a stroke whialiftan be adjusted 

for diTferent sampTe volumes or composite periods. The unit does ' 

r . 

not have flow proportioning capability. Head limitations are ' 
about the same 'as for the Brailsford EV-l and DU-1. 

Operational reliability of . these un.its has been very good > 
With waft'ewaters .having low suspended solids levels. Because'of 
the relatively ;iow cost of these compositors^ they are th'e unit of 
choice in situations where/equipment security is minimal anjl van- 
dalism.is of concern, fhe-of these samplers, sustained a shotgun * 
blast with .mi nttrtal damage. • • ' 

One operational di^^iculty. with the instru(nent is .the necessity 
of having- to remove. n1ne.sc?fews^ in order to get the alumi^im bacfe' 
plate off to ctiange or^.check the battery. This procedure' is! t4«e 
consuming and it would appear.^hat ,a desigh using'a spring" loaded - 
clasp of som^e sort would b^-j«st aAffectiW. - Inadvertently. . ' 
these. units have bten totaJly "submerged sjveral' tiines ahdhave. ' " 
con&^ to operate; 'h^r. as there is no gasket between the , / 
back plau-^nd the motor houffing^ they will a*tit water.^ether \ 
or ndt these units are actually explosion proo* heisjlftt^n ' ' 
determ.ined by the authors-.- o^* ' • 

* • '. 2 r • , 



JB. HANTS MARK 3B. . - , • 

- This sanpler is a vacuum operated sampler which collects 
twelve discrete 400-m1 (13.5;Oz) samples at time intervals ranging 
from 0.5 up to 12 hr, depending upon the particular spring-wound 
timer that is interfaced with it.--- Samples can be analyzed indi- . 
* vidually! combi^ned on an equal volume basis, 6r proportioned on 
the basis of readings taken from external flew measuring equip--/ 
men^, • The sampH bottles are e,vacuated by means of a manually 
operated pump supplied with -thfe unit. 
, • » These compositor*- are reliable, relatively well constructed,, 
and almost goof proof. Because- of the hl^h liquid , velocity, these 
units are well suited for sampling wastewater with high wUds • . 

levels'. *....•*•' 

' .This -unit hat^a sejJf.rate intake tube for each sample con- 
tainer and It.ii-di^clr^^ta^^ideauately clean these twelve intake 
lines in the.Viefd. The large tybe rtest and screened intak^malce , 
^^t impossible to'useithis compositor in flow y^ocUies ab^ 
0.46 m/sec (1.5 fps) orin depths of le^S.fhan 15 an (6 in.). 
Also, th|e screeoed intakff" is not^reamlinfed and tends to collect 
solid? which should be removed at frequent Intervals to, avoid 
possible bias^n the sample data.^ 

Replacement parts are not nfddily avaTlable for this sampler 
since the Cfni ted ^States' distributor does not maintain an inventor/ 
and needed items must come fromJng'Vand. Parts order»s take more 
than sixty^ys, even fur the si.-VpTest items, and the.csmpdfiy will 
not accept parts orders for less than $25. 
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fi^ ISCO MODEL 1391 -X ^ * .. ' ■ . 

The Field Investigations Section has accumulateiWut 1 .BOO 
hr of expJerlence with .three of these units and has had minimal 
• operational problems with them. As many as 28 discrete,' 'soO-ml 
'(m-qz) samples are collected at a preset time interval by a 
perista-ltic type pump which purges the intake line after eachV 
cycle, /low- proportional sampling is possible bf interfacing the 
unit with a flow metering device or byjranually compositing indi- . 
*^iclual samples according to an external flov^measurement record. 

.Die unit is self-contained, operates from either line or 
battery power source, and is designed to fit in a manhole-. The 
bottom half of the unit, which holds the sample containers. Is 
insuUted and has room for about 2.3 kg (5 lb) of ice. Data com- 
piled by the section (Chapter IV) would -indicate that these units 
are best suited for sampling wastewaters^with low suspended solids 
concentrations. ^ 

The only significant operational problem has been due to 
occasional clogging of the intake line. Although the pump back 
cycles after each collection Interval, this is not alwa^ys sufficient 
to clear the line. The' case of these units is molded of a black' 
plastic and the manufacturer suggests that the units be painted 
white JttfT^ are to be operated in^ direct sunlight. This 
precaution will Increase tHe life of the electroh1cs«and of the 
ice In the siMple container. In warn weather, ice will not last 
for 24 hr in these units. * • 




£ * 

As of this Vriting, the Model 13b?'' Is no lo'^^ger being prodDced 

« _^ 

and-has been replaced by. the Model 1392 which Jnas a higher liquid 

^ ' ' ' • ^ . s 

intake veloci'ty. The 1391 can be mcdified at the factviry t;o- 

se the intake velocity. The Field Investigations Section ' 

has had its three units modified at ,a cost of $125 each^ 

g/ ISCO MODEL '1392 ^ . ^ 

The secti^ has accufnulated abbut 600' hr of exoerience with 

four of these unUs. This model is ^practica.lly hdenti cal to the, , 

1391-X with t-hp eKc.eption* of the liquid intake velocity which has 

been increased to 61 'cm/sec (2 fps) an, attempt to improve 

solids capture' ef^lcioncv. TFie watfer chemistry data aci^umu^ated 

i 4 ^ * 

by the section are toe limited to determine whether or not^tnjs 
unit can effectively be used on hiah .solids level wastes, 
h. SIPCO MODEL MKVys . ^ ^ . 

* Field exoerience with this unit f>as been limited to about 300 
hr'of operation of a model which vfa's loaned to the section prior 
to >^ceipt Oj its own. sampler. The primjiry reasons for purchasing 
this instrument were AC-DC operation, discrete (24-bottle) 
sample collection, and the high-, 98-an/sec '(3,2-fps ) , liquid 
intake velocijty wh.Jch' was benjpd to be more suitable for high 
solids level r^w wsstes. ' ^ 

To date, field use has not revealed any operational diffi- 
culties with the sampler; however/ cletfning of parts which come ' 
in contact with the sample Is'^gqjnewhat laborious. 
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Tlie unit purchased' by the section was chedked out in the 
laboratory ^upon arriva,! and several deficiencies were note.d: 

(a) polarity of battery was reversed and not jis indicated on bat- ■ 

r 

tery terminals, (b) an electrical component and some wiring were 
burnt out and were rep^ced at a cost of about twenty dollars, and' 
(c) functions of electrical- toggle switches on ^he instrument panel 
were not well marked, i.e. off-on swifch read's left to right and " 
switch moves vertically. The operation manual supplied with this 
'unit is extremely "sket(;hy" and should be expanded to give more 
detailed operational information. , . ' 

The precision, of the discrete sample volumes was also checked 
but in the laboratory by putting the intake linef in a container" ' 
fj lied' with tap water and running the unit through the^24-bottle • 
collection cycle. Witl\ a mean sample volume, of ^bout 280'ml (9.5 
oz)-the standard deviation wSs *30 ml (loi). One reason for this 
variation is, due to the desigp of tne sample container compartment - 
which fs a/ound plastic, tub and the 24 sample bottles which ar|e 
v^edged shaped segments: of the- sampler compartment. Although th^pr" 
is a r^^tainer plate to hold the sample bottles in position, the- 
bottles are somewhat undersized in relation, to the diam of the 
container c6mpartment and there is an acc*.ulated space of about 
1.3 -cm (0.5 in.) in the 24-bottle sample ring. Conseqwently , the ^ 
mouths of the saiUJile bottles are not self-centering with respect 
to the stops of the sample aistrJJ>trror anr,. This space is suffi- ' 
dent to allow the arm to discharge samples outside the mouths of 
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some af^the sample bottlei and- ^wn into the plastic' tub. Another- 
reason for the sample volume variation is jthe high velocity of the 
sanfl?-lVas it enters the metering chamber. „ Discrete sample volipes 
are- controlled by the vertical spacing of electrical probes' within 
the metering chamber. The* turbulence in the metering chamber as a 
result of the. liquid i/itake vblocit/1s slifficient to vary the 
water level at which the electri^r'al probes tense \:omplet1on of the 
sampling cycle. *. ' 

i.- *PRO-tECH MODEL C6-12"5P , ' - 

Two of these compositors were purchased because of .the 
explosion-prQof feature and bec^iuse. of the partial purge of the 
intake screen during^ach sampling interval. ' 
^ ' This unit Ms preUure operated with small canisters of fraon 
gas and collects a single 3f.8-l (1-gal) sample'over a Variable^ 
lime'perlQd. ..|fHth an^ptional sensing device the instrumefit will- 
^ct)lle<:t.fl9w-p;ro(5ort10Bdl samples. * * . • 

Personnel in the^-Fi eld* Investigations Section have' accumulated 
about 600 hr of experience with this compositor and have been 
plagued with mirior problems related to poor assembly. Most of the 
case screws have fallen out at on$ tjme or another and all intemaV 
ttoses hai^been replaced due to leaks in tl|6 gas system. When ' 
.repaired, the samplers performed very well on wastes 'with high 
solids because of the st:reen area of the intake and the. purging 
action of the^as flow. ^ ( ' ' 



Experience has revealed "several Iprational 'difficMlties-: 
(a) the 22.9-cm (9-in.) intake sample chamber must be installed 
Vertically ifv the waste strearr/ ind requires about 30;5 cm (12 in.) 
.of|iatfer for reliable operation, (b) considerably monejndi vidual 
expertise is required to obtain satisfactory fterformance with this 
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it than with other campositors., (c) tire unit is, difficult to 



repair and service due to restricted access to the case .Interior, 
and (d) the design is such that only a 3.8-1 (1-gal) sample tOfH - 
tainer can be hous.ed inside the case. 

j. QCEC MODEL CVE : . ^ 

These samprlers were developed by the Ctow Chemical C(kd^my and 
are made under license. Sampler operation Is accomplished by a 
solenoid-controlled vacuum^mp similar to laboratory pumps used by 
microbiologists fo|^ Mlllipbre fil tratiops. The variable tiner 
activated pump draws sample porti ons . through a 6.35-mra (O.ZS-tn.) 
ID tube at a velocity which can be adjusted from 61 to 152 cm/sec 

(2 to 5 fps), The Intake and dischaifge tine of the unft are blown 

* 

clear before and after each sampling cycle, Equal volume sample 

increments composited at a preset timp Interval or according *to 

flow based on signals from external flw metering ^equ^pment are 

drawn Into a 3.8-V (1-gal) glass jug. 

Because of the high vacuum and the purge cycle this unit 
\ 

seldom clogs and Is the compositor, of choice fqr sampling raw 
wastewaters with high* solids levels. 

"^Use of these units hdS revealed several operational defl- 
cifncies: (a) lid retaining straps break and^rutber gaskets 
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r aroLjni! t^^^ edqp'> of the fiBer qlass oase have to^be reglued on ^ 

reqular^asis , (b) samples have freiquently been missed due to loss 
of v^acuum in the system; vacuun loss cormionly occurs at the»mouth 
of the glass jiig sample container becaus^^of. vibration or tempera-- 
ture cjianges which cause the rubber stopper tolds'e-its seal; screv; ( 
caps over the stopper have •be€n used to rectify th^ problem but 
^ are an inconvenience, (c) If one wants to use the^^f-contajj^ed 
sample container compartment sample .volumes -are limited to 3.8 1 
(1 gal) because of space restrictions, (d) beoause tf^e compositor 
draws a vacuum in the sample container glass container^ must, be 
used, (e)"the sample container compartment \\ not i^isulated and 
ice fanjiot be metintained for a practical length of time, and (f) 
the Sanger i^s not suited for installation in manboles or other^ 
restricted areas because' of its weight ,and apparently, unne^cessarily 
large bulk. ' « " 

k. N-CON SCOUT ' . ' . - ' 

The Field' Investigations 'Section^ has o^e of these/ compositors 
in use. They are a well-fiade, DC-powered unit equipf)ed with a 
peristaltic pump and a very flexible timer. .This instrument is 

r 

suited only 'for time-composite samples and because of the 7.6-cm/ 
5ec {0.25-fps) liquid intake velocity it ;s best utilized on. 
wastewaters with low concentrations o^ suspehcjed soTids. ^ 

Although the timi/ig mechanism is somewhat complex and fragi.le, 
this unit is preferred b^^the Field Investigations Section over 
other similar samplers due to the sel f-purgirtg feature, DC 
capability-, and. lower cost. - '• . 
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'.i-CoU SURVEYOR - . ' . 

^ . Operational problemsx includf^e linj'itid 1,8-^ (6-ft) suction 
■ head and a 13.7-r™. (O.S-inl/rD constriction ^ri the intake side of 
the pJ-,p winch is' tHreaded^for a standard garden hose coupling. 
This constriction has been a^'coh^tmt source of clogging when the 
compositor is used to sample wastewaters app;eciable suspended 
solids concentrations. y An additional problem is the diverter tube 
wnich transports about fifteen percent of the throughput to the 
sample conta^-ned. This tube must be kept above th^ liquid level 
ij. the sample container or back siphoning of the .sample^ 1 occur. 
Transport through the diverter tube seems to work bes/when back, 
p/essure o'n it .is maintained by raising a portioa of the intake*^ 
line to an eleyation which is above the point where the diverter 
tube couples to the pump. " 
m. . N-CON SENTINEL 

The Field Investi gations ^Section does not have' any of these 
compositors and experience has been limited to about forty hours' 
of operation on a raw waste with a unit provided courtesy of the 
manufacturer. " — ^ / 

This is the only unit the section h^s had the opportunity to, 
5^1uate which has a refrigerated sample contain^/ compartment. In* 
operation, a, portK^ of the .waste stream is' continuously, diverted 
to.an integral through sampling chamber by grl,vtty or external 
o«np. In the sampli^-g chamber a dipper arm rotates thnjugh an arc 
of approximately 90 degrees at a. preset time interval or in 



respoosi^-tu signals ^from'an integraling flow neter'and collects a 
sample from the di veKed' was'te stream. As the -dipper rotates above 
level, it pours the collected aliquot into/a funnel which delivers 
jt to a container in the refrigerated •mpartment below. 

Although this unit appears to be almost clog proof, tw^ fea- 
tures were noted which could possibly. bias the representativeness'*, 
of the collected tomposite. On the model tested, the discharge end 
of the dipper was not 'centered over the funnel.. On the ufxstroke of 
the aipoer arm during a sampling cycle, the clipper^;«s ob'served to 
pour some<of the collected waste outside of the funnel and back 
into the fl ow- through , sampling cham|5er. It would appear that . 
heavier s us pterv^ed material could have been lost. Secondly, the 
sampling chanter has a relatively large cross-sectional area with a* 
flow-through velocity^wjj^h js dependent upon the volume of water 
supplied to it. Thl's Increase in area and corresponding decrease, 
in "velocity could result In heavier material settling to\the bottom 
of the samp.'Nwg chamber below the reach of the dipper arm. - • 
This sampler because of its size, 0.64 x 0.79 x. 1.52 m , 

r 

,(25 X 31 X 60 in.), and weight, 113 kg (250 lb),.is best suited for 

long-te^rm or permanent monitoring programs.' 

2. INCIDENCE OF SAMPLER MALFUNCTION 

The information .presented in Table II shows the incidence of 

ma>funcfion of eleven different makes and mode,ls of samplers. These 

data resulted from, two surveys of industrial and municipal waste- 
'water treatment facilities in ti>e gieater Karvsas .City Metropolitan 

^m. * • • ' . - .36 ^ . ; 
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Referring to Table II? the data showUhe total number -of tires 
each tampler-was ufed as well as whether i^was used' on raw or 
treated w^ste. The reason for the lower use of compositors at • 
efficient stations was dJe to the number of lagoons included in the 
, surveys. Lagoon effluents wer^ manually grab sampled. Incidence 

of sampler failure is also broken down as to irvfluent or effluent r 

/ 

station. • Those incidents of failure are only those instances in l' 
which : 24-hr composite was ?hort or missed altogether as a direct 
result of sampler malfunction whicji^could not 'reasonably have 
been prevented by the field sampling team, The^ predominate cause 
of malfunct?1on was plugging of. the intake lines with suspended 
so-li.d material; secondary causes included loose -tubing and assorted 
hardware. In considering^ the data on the three Brailsford samplers 
(DU-1,^ EV-1, and EP-l)", it, should be painted out that these units 
are termed effluent samplers by the manufacturer. However, because 
of site conditions and the 'absence of line current at many sampling 
points the section has found it. necassary to use the^e compositors 
on raw wastes. It should also be , pointed-out that the data^n 
Table II do not incl^ud^^l pos^sible combinations* of field team, 
•personnel and, therefore, could be biase<i as a result of -differences 
in field routine and individual expertise df^team members. 

Statistically the data are_ too limited to recommend or reject 

m r 

any particular compositor; howev.er, it is apparent tjiaf sampi ing of 
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raw wastewaters produces the major number of compositor* malfunctions 
^nd tnat consiaerably rrore reliable operation can *be expected when 
Sampling tr?:ated wastewaters, ^7 - * ^ 
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TABU II * 
INCIDtNCE OF SAMPLER MALFUNCTION' 



AutonatK 
Wastewater 
Sampler 


Tot3l 
Times 

Used 


Total 
Times 
Failed 


Overall 
Fa^flure 
Rate 
Percent 


Influent Samplino Sta^tions 


Effluent Samplfng Stations 


Used 


Failure 


Failure 
Rate 
Percent 


Used- 


Failure 


Fail/r^ 
Rate J 
PeP€<fnt 


^ igma^ot'or 


24 


6 


25 




• • 

4 


50 


16 


2 


13 


Signamctor WD-t 


31 


4 




1 S* 


2 


13 • 




: 2 


13 


B'-ailsford DU-1 


45 


T5 


33' 


40 


13 


33 . 




2 


40 


Brailsford EV-1 


29 


5 


17 


' 26 


5 


^]9 ^ 


' 3 


0 


0 


Brailsford i?-] 


*63 


6 * 


10 


55 


6 ' 


11 


8 


0 


0 " 


OCEC CVt 


90 


' 4' 


4 . 


.77 


4 


S 




-0 


0 


Pro-Tech C6-125P 


' 10 


4 


40 


NOT 


BROKEN OO^N 








iSCO 1391-x 


. 16 


4 


25 


It 


4 


25 


0 


0 


0 


JSCO 1392 


17 


1 




]b 


1 


7 


2 


0 


0 


N-Con Scout 


14 


2 


14 


14 


2 


^4 


0 


e 0 


0 


N-Con Surveyor 


^ 7 


3 - 


43 


• s 


, 3 


60 J 


2 


• -0 


0 


Totals and 
Mean lailure 
Rates 


346 


54 


16 


271 


44 


' 16 


. 65 


6 


9 



3fJ 
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' 'The overall ability of the Field Investigations Section to 
cct'jin a'c^omplete 24-hr composite sample probably runs between 80 
ar.d 8ii oercep: sirce the 16 percent compositor malfunction rate - 
does nol reflect nylstakes in installatiqn, variafions in the expe^ 
-se of different field-teams, excessive drops in head,, submerging - 
. . - r r. *:GS^tcrs or wfnter operation. 

■ ■ ■ ■ 

8. INSTALLATION AND OPERATION Of, SAMPLING EQUIPMENT 

Iji t! field, the engineering staff works closely with the - 
technicians. At new locations "which have not been previously sam- 
pled it is a policy of the Field Investigations Section to have a 
professional oresent to select the sampling point,, to inspect the 
flow nieas-jreinent equipment of the facility or determine a suitable 
^measurement method, and to supervise installation of the sampling, 
equipment.- It is felt that this practice' reduces the risk of 
compo$.itor%ial function and missed samples, improves the 'representa- 
t^ven-ss of the data, and results in a more detailed and informative 
"epurt. . ^ 

♦ * 

The primary reason for the large variety of compositors used 
by the section is due ;to the pleth'or^ of sampling requirements, 
waste stream characteristics, and site conditions ehcoqntered in 
the field. Utilization of the sampling equipment of choice Is often 
-precluded by the physical characteristics of "the point of interest 
• ircli^di'y dcce:3ibility, site security, and the availability of 
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Raw municipal wastewaters are preferably sampled at 'points of 
highly turt^^ent flow in order to insure good mixing; hoji^ever/ In 
many instances thjB desired'location is not accessib^le. 'Raw waste 
sampling paints in order of preferer>cai are': (a) the upflow siphon 
following a barminutor*< (b) the upflow distribution box following 
prumptng frOi6 maijuplant wet we'll, (c) aeirated *gri t chamber, (d) 
pump wet well and (e)Vlume throat. ^ ; 

In order to p-rovide position stability and to reduce velocity 
displacement, a sash weight, sole plate or other weight; secored 
with a rope, is tied to the end of the sampler intake tybe which is 
positioned at mid-depth in the flow; 

The section'tias experienced incidents of theft and vandal istn 

- ' • ' C 

of equipment. This is an item of major concern at sites'which are 
outside the confines of fenced treatment facilities. Manhole ' 
installations in which battery-operated equi^pfrtent can be ^put in th^ 
manhole and the cover replaced will generally provide sufficient 

-security. In exposed locations , which require composite ^Impl^s, 

■ ' 1 > ' ' ^ 

one must ^ithe»^ ^sk loss and tampering with, equipment. or iitilize 

manu^J-wmpling methods. If manpower limitations j4quire use, of 

unattended* equipment, ot^vioukly only^ow-value/^omposU'^rS sJiatild 

be considered. As "water pollution" is a p^ular sul>ject with tV* 

general puhlir / tampering'with equipment can sometimis be reduyd 

. if people in the area are aware of the n^^ure and purpose of the 

. act'viry. Ohp of the authors evperience'd this situation during a 



fn absence of grit chamber 



survey of a receiving strearr/in a rural area>£townstream from^a, . - 
ly^iTtent facility' - ^ 

In every case thr field team will utilize electric^J llne-^ 
current if rt is Available at the sampling site. Generally, line- 
operated compositor^ .^re more reliable than battery-operated models 
amd, in the sampling of ^^^tewaters , th^ incidenc?. of inte^ce 
t6be plugging is reduced due tn the high vacuum and purging feature 

,of t^^^5^mp^ers Ifhich are preferably^sed on these was tes ? - Line 
ctirrent has "been availabl^>4t about^ pencent of the treatmei^ 
facilities wMch the section Kas surveyed, Ih a survey ofjiver 
100 private, municipal .\and Indus trial- waste treatment plants in • 
the greater Kansa^ City area', only 45 percent of-^^he facilities fhad 
an electrical power soi)^j^. '^Power availability >at 3ago|Ws', wtffch 
accounted* for .55 percent of the survpy . wasr even Ifess. . , / 

The physical and chemical characteVistlcs^of the waste stream 

»also play a pirt in determining. the type of sampler to use. Wi^de 
fluctuations in pH. st^^p^^t^w-^olar. and vcliijjie encountered with . 
some industrial wastewaters will generally require ^ discrete 
s^^le coljector in order that aliqubts can be analyze^ndlvid- 
ually. • . * ^ . • 

* .4/ith the exception ^of cold v^eather sampling conditions, all - • 

^samplesN^are kept urr Ir^durlng the composite perio'd. The ISCO. 
Q^^©^E.' and Sirco units^re\ti^ compositors used,^ the 
sect^'gn whicb have an integral tee compartment* WiitTthe others 
unl^ samples are chilled by plac'^ig t*he sample coneftiorv container 
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, ^'n an ice chest* along with a' 2.27^\t.g (5-lb)* af i{ce. The Ice 

chest is j.too"d onrend with the drain hole on top' aad the tfj^chatge 

. tube o(f the sampler Is threaded through this hole and into the^^ 

' . sample >6ontained. \ * ' * 

^ - Winter operation of sampling equipment can be a trying e^eri- 

" ' ^ ence.' IXiring perticul^ly cold' weather sampler malfunctions due to 

■^(Tzing of intake lines 'm^^run as high, as 60 perc^t, 

P ' If possible, the samplers shouW^be instalTed fti manhcJle.s ^ 

b^low the freezing J ine by taping (f^ljer gliss tapjjBke uni;^to 

, steps , or by sus-peisKling with a rope tied secunply' to^Ptake in the 
• ^ , . - — > ' ' ^ ' . ' / 

ground. When^ ipst-alling samplers In manholes or wet wells, care 

• should be taken to position it'.a^^level which wiy not r^suV^^jv^ 
'Submergence of I the conpositor in ihe ev^t of precip.i,tation/ 

Because of the 14mited suctfon head of many of the batter^y-operated . 

' ' • ^ ^ A ^ :V ^ 

compositors, j't tiot always possible io maintain an alequate 

• * • . ft I V 

elevation* ;If he^vy rainfall appeai^s probable, the sagiplingj ^(^^^ ' ' * 

' >^ --' / ' ' ^ ^ ^ ^ i 

. be- postponed c^^'use^f a Brailsford EP-l.- consul de red, 'Section per- ^ 

sonnel have ir^adyertently submerged several of .these wiits without 

'itoy. apparent damage. However, t'hey do 'admit waterr to the case and 

, it j^^^ecOHTnencted th^^t the backing plate, be f^ved and the interior 

. o^lK^ case a ll^e^^' dry" prior -fe^ad'diti > ^ 

, If. below grr.und installation i% not, possible during freezing ' 

Weather and line curreat is available, 1,2- to 1.8-m/(4- to 6Wt) 

heat tapes*^ c^.'- jb wrapped a^^eunl the Sd-^P'-^ .v>-tcif.v^ and th^ 
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* Progress ^e^r igerat^on Company T'l oL is vi lie, Kentucky - Model 
^ ** Thermostatjcal ly protected 3^C i. 
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intake lines. To provide insulation, large plastic bacis* can be 
• wrapped a^gynd the intake .1 ine and heat tape and ioosely placed 
over 'tlif sampler.' . ' • 

Whc. jsing the Brailsford EP-Tmodels where 110 v AC is avail- 
able, it is' possible to place the entire unit with sample bottle In 
an Ice chest ancf wrap a fiWTtape ^afound the bottle for protect^. 
If tt\,e chest drain plug is removed ind the chest set or hung verti- 
cally with the drain/plug on .the bottom, the' Intake tube can be run 
dut the drain hole and- also. heat.'tape>to prrfvide satrpling reliably 
below 0°C;' ' * * ^ 

. As of this writing, the va>t majority of the samples' collected 
• by. the-.?ectiop (esti-mated 95 percent) have been time composited. 
'..When flow-proportional samp-ling is done, discrete samples are 
manual ly cf6fnposned on the basis 'of readings from external flow or 
'level recorders. As a resifU, of dfta presented and discussed In 
yhapter IV, the. Field In.vesti gatfons Section coptinuej to have mixed 
, •-♦pi 



iinfons regardi^ng fl'ow-proportional samplei. 
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IV. SAMSUNG fCTHCDS AND DATA. VARIABILITY ^- 

jlT -PERFORMANCE OF AUTOMATIC WASTEWATER SAMPLING EQUIPMENT 

As the Field Investigations Section acquired' and gainecl e/pe^ 
rience with a. number of different makes and models of corrmerciar >/ 
available 'JfStiplers and with the accumulatiorv of large volumes of, 
water quality information, discrepancies in data were noted which 
appeared to result from variations in compositor performance. 

As of this writing, the_ j^ction has conducted five field^* 
studies for the purpos^of comprina the water chemistry data of ■ 
samples collected concurrently t^-ith the^yaVious composi tors listed 
in Table I. Samples were ^nalyz^d Iccording to^St'aFidard Methods 
(2) for five-day biochemical oxygen Semarld (8005) S chema cal oxygen " 
demand (COD), and nonfil terable sol ids (Vs^^.r Pa^a obtained' fron, . 
different compositor combinations were catipaVed fo 6ach o^er and' 
to those data- resulting from manual sampling. metHods. 
1. RICHARDS-GEBAUR AFB STUDY, « " ''^ - 

The AfB is served by a'^,,680 cu lii/day ^{j[.5 mgtf) standa^^d 'rate - 
trickling filter plant^^lth effliferft chlorination. ihree sampliii^ • 
stations were set up at this" plant. The stafions w'ere: (a) the 
raw waste (upstream of the Parshall J-Wm and *gest.r..supernata.nt 
return), (b) the effluent from the'prirwry clarifler, and (c) tne' 
rinal effluent. , ' - * * • 

A QCEC Mode,l tVE sampler was installed- to collect time- 
c6mposite samples* (15-min cycle tifne) at the^^nfis^nt or,-< , ■ 
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♦-Also termed to^ suspended solids - . *s 
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concurrently, 'an ISCO Mo(i#M391-X was used to collect discrete 
samples at 3-hr intervals for manual flow proportioning and co«t»- 
-.positing. Flow measurements wer6 obtained with a Manning .Dipper 
Stage Recorder* and a staff gage installed in the throat. o'f the ' 
22.9rcm (9-in.) Pa>-shall flume .located at the pfant" influent. 

• At the effluent -of the primary clarifi^i; b Sigmamotor Model 
WD-2 compos i tor >*as used to collect time-composite samples (Ts-min 
cycle time) -and a- Hants Mark 3B was ys^d to collect discrete 
■ samples at 2-hr intervals for manual flow proportioning and com- . 
positino/* A 90-degre^. V-notch weir'equipped with a Mannifig Dipper 
Stage Recordei^ and a, staff gage wa^ temporarily inftal led V order 
to' get flovy measurements at this station. , 

At"the plant firtal effluent a Brailsford DU-KTOchanica'l 
compositor was used to collect time- composite samples (43|n1n cycle 
time) and. a Hants Mai^B sampler was installed- tg collect'samples 
at 2-hr inter^As for manual flow •compositing.' for flow measure- ' 
ments a 90-deg^ V-not^h weir was tenporarily inUalled and 

)r_t p^oit 

and staff g^ge. 

. At each of the three stations the intake lines of the 
compositor^' wene;- tied together and suspended at mid-depth in the 
vaste stream. Grab samples wenfe manually collected at 4-hj:^ 
Intervals for individual analysis and for flow compositing at each 
of the three stations in order -to provide, additional data for 
comparison, |^ > . ' 



equipped with a B*lfor^odt Stage; Recorder* with stilling well 



Because of plaiit operation problems, compositor malfunctions, 
^and a heavy rainfall ; there wer^some departures frofn the planned 
sampling effort. On May 21 the plant-tJperators by-passed for two " 
lO-m1rf periods at J300 and 1400 hr in order to facilitate rodding 
outJ of a clogged di^gester line. ; On May 22 a perTod of heavy rain- 
fall occurred between 0030 arwl 0530 hr with about 5 cm (2 'in.) of 
total precipitation.- The tempoj^ry weir at the primary effluent 
wps submerged for -several hr iCrlng this period ^n'd flow rates were 
taken from readings on the Parshall flume located at the influent. 
Because-Qf" this rainfafl the iffant hy-passed a portion of the raw 
waste for a period of nine hr. The total by-passed* waste volume ^ 
was estimated to be 17,00p cu m (4.5 mil gal). Several dfternoon 
thundershowgrs also occurred on May 22 and increased plant flows 
but did not necessitate further by-j)assing. ^ 

, Difficulty was experienced wtth \he clock mechanism of the 
Hants 3B s^plers located at the primary and final effluent. At 
the primary efflueat the flow-comppsite s-ampTes obtained with this 
instrument were^^short two^ and four h^r,' respecti vetyT on May 22-23 
and 23-24. *» At the fina^l effluent the Ma/ 22-23 composite was short 
twoj-.r and on M«^y 23-2^ four of the twelve Dottles of the Hants 
sampler were about twenty to thirty percent* short of the volume 
necessary to make the flow .composite. 

In addition to samp-ler malfunctions, a cursory examination of 
the' facility durin'g the Uudy revealed tJie following plant opera- 
tiooal probleqjs: * 

* 46 
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a. Coiminutor seals were gone and Jarge solids passed 
the comminutor without cenx)va1 , 

^ b. Sludge removed from the primary tanks was accom- 
panied by large volumes of water which caused 
excessive, amounts of digester supernatant to be 
returned to tbe plant. During the entire survey 
the prinoary effluent appeared black and septic. 

c: Only one triekling filter was in operation and no 
recirculation was practiced. There were 27 hourly 
periods .during the 72-hr survey when pl^t flows 
exceeded the 2,840-cu m/day ||L75-.mgd) capacity of 
the trickling filter unit, mter capacity was 
exceeded several times each day during ,the survey 
at^eriods which were not related to rainfall, 

d» One of the secondary clarifier units was septic 
during the entire investigation and clumps of 
sludge up to 15,2 cm (6 in.) in diam contlniously 
rose to the surface and were discharged with the 
clarifier overflow. 

All samples were kept on ice and delivered to the EPA, Region 

VII, Laboratory where they were analyzed according to Standard 

Methods (2). No special attempts .were made during the collection 

period to refine compositing methods or sample delivery procedures. 

In' the Uooratory, nomal perfonnel assignments and rotations were 

observed; consequently, the water chemistry data represented th^ 

work of^several profe^'onal analysts. These datfi a^ presented 

in Tables III, IV, and V. TJie flow data are shown graphically In 

Figure 1 . , - . ' ' 

An endmination of Table III, whi'ch. shows the water chemistiy 
data of the samples collected from the raw waste by the four^ dif* 

r 

ferent sampling methodologies, would Indicate that the results 
obtairie^-wi th the QCtC compositor differed significantly from the 
data of samples collectei^^the other me^ds. Looking at the^ ' 
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\ ' ' • CQDr and NFS bf the grab samples xollecjed manually. U can*-' 

. be seen that there was a definite decrease in strength of the waste 

. during the early momin^ours'. Discounting other faao»-s. the ' 

• time-composite samples colljcted with the QCEC would be e,Y,ected to 
h^ve been biased low because the samples included ^c$^i voLme 

^ -aliquots of^the low-flow. few-strength, early-momin-g waste, 'rtow- 

• . ever, for .ach of the three parameters it is evident tl^at the QCFC 

samples were of higher strengtfr than the flow-compoti ted ISCO • 
samples, the manually-collected flov,-composited samples, or the 
arithmetic mean of the manual ly.colle,4ed grab samples. In all but* 
four out Of fifty-four, analyses for the three' parameters . the QCEC . 

samples were Of greater strength than' any-of th^ discrete, manually.- 
collected grab samples. ■ / ' 

Table IV. whic>i shows the w'ateg chemistry data of samples 
coTlected from the primary .effluent. ^o indicates a Mas." Except 
for BOD5 on May 22 ar^ COO on May 23. the ^-composited samples , 
Obtained with the Hants were of higher strength than those 
flow-composited samples collected marrually. ' 
r, ' Table.V presents the water chemistry data of the final effluent 

samples and does not indicate any aoparent bias with' r^'spect to the ' 
four different sampling techniques. 
. ■ The^NFS data for the three days of s.^pling are surmarized in ' 

• Table Vl'and presented in the form of ratios after unitizing the 
results on the basis of the r'on cent rat ions found manually- 

^collected and flow>-compositedsdnoles, innion of tms table 

. o'X 48 
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• TABLE III 

RICHARDS- GEBAUR SEWAGE TREATMENT PLANT 
» RAW WASTE 



ERIC 



Date 








1 

} 


May ' 

1973 


Sample Type And Tire 


r ' ' 


" i 






24-hr Mech Flow Como (KCni 




3jO 


• 20 




24-hr Mcch limp rnmn fnrrr^ 


215 


668 


354 




24->hr Manual Finw fmn M.hr> rtr^Kr ^ 


11 J 


27S ' 


'"T^ . 

• 21 


2' -2? 


HeSD O'f 4'-hr Tntpptf^l r^pjiK ^Amniac 


1 24 


356 


148 




- Grab. 1200 
1600 
2000 • 
2400 
0400 
uouu 


195 

m 
;o4 

2? 
73 


^67 
539 

2j.. 

' i. 
32>^' 


27>: 

52 , 


Grab SaniDle Standard n#wiatirtn ■« nn/* 


bj 


163 


88 




Coeff4c1ent of Variation T»rct^r\f 


0 1 

• 


46 


60 






P4 




47 




24-^r Mech Tlme'Comp (QCEC) 


1 H J 




•126 




24-*hr Maniisl Flri^ fnmn /A^hr Cr^kr \ 


99 


223 


109 




Mean of 4-hr Infpru,^! fir-^h ^^mnlAr " 


97' 


S 77 


74 , 




Grab. 1200 ' 
^1600 
2000 
^ 2400 
0400 
OfiOO 


T07 

162 

109 
18 
74 


171 ^ 
223 ' 
351 
143 

" 4C 
131 


128 
72 

106 
62 
9 

66 




Grab Sample Standard Dp^/i/ttit.r r^n/i 




95 


37 




Coefficient of VarfAtinn * r\»rcAr\\ 




54 


5C 




24-hr M^rh rirtw TAmn McrA\ 


153 


306 


149 




24.hr 'MechJImc Comp (QCEC) 


153 


526 ' 


186 




24^hr Manual Flow Comp (4.hr Grabs) 


;o7 


252 




23-24 


Mean of 4-hr fnterv^l Grab Ca.-nples 


98 


236 - 


. ^7 




'Grab: 1200 
1600 
2000 
2400 
0400 
,0800 


I3t' 
97 
.153 
80 

no 


i04 

197^ 

5'j 
250 


10; 
31 
il 

16 
94 




Grab Sariple Standard Deviation, + mg/l 


4V 




38 




Coefficient of Varfdtir.n» ptr(ent 






-.4 




Arithmetic Mean, Of All Dat-- Poir ts 


123' 


319 


127 


• 


May 21-22 

May 22-23 . * 
Way 23-24 . 4 J 


^ ^7 
105 
128 


388 
238 
330 


16-1 
89 

132 . 



TABLE IV 



RICHAR0S-6EBAUR SEWAGE TREATMENT PLANT 
PRIMARY EFFLUENT 



Date 
May 

1973 


Sample Type And Tifn<r ' . 


BOO^" 
mg/1 


mg/l 


NFS 

mg/1 


21-22 


24-hr Mech Flow Comp (Hants) 
24-hr ffcch Tline Comp (Sigmamotor) 
24-hr Ma^nual Flow Comp (4-hr Grabs) 
Mean of 4-hr Interval Grab Samples 
Grab 1200 

1600 ^ ■ 
2000 
^ 2400 
0400 


150 
97 
57 

94 ' 

127 
155 
104 
110 

29 

39 


480 

209 

151 

?26 

279 
309 
?49 
290 
139 
94 


333 
83 
106 

* 104 

112 

* 144 
^ 88 

82 - 
142 
S8 




urdD sample ^u3naara ueviatlon^ ntg/l < 


\ ^5 


81 


32 




coeTTicient ot valuation, percent ' 


1^ 48 


36 


30 


22-23 

- 


24-hr Mech Flow cTomp (Hants) 

24-hr Mech Tifne Comp (Si^mamotor) , 

24-hr Manual Flow Comp (4-hr Grabs) 

Mean of 4-hr llnterval Grab Saiiples 

Grab 1200 
1600 
2000 
2400 
0400 
0800 


125 
100 
132 

124 

102 
133 
125 
117 
54 . 
213 


324 ^ 

192 
264 

235 

179 
243 

203 ' 
243 
>45 
/394 


123 

56 

So 

78 

80 
84 
73 ' 
60 
32 
, 138 




Grab Sample. Standard Deviation, 1 Tig/l 


47 


79 


32 




Coefficient *of Variation, percent 


• 38 


34 


41 


23-^4 


24-hr Mech Flow Comp (Hants) 
24-hr Mech Time C'or.p (Stgmamotor) 
24-hr Manual Flow Comp (4-hr Grabs) 
Mean of 4-hr Interval jrdb Samples 
Grab 1200 

^1600 ' 
2000 
2400 
0400 
-0800 


180 
175 
158 
152 

126 
129 
16J 
160 
141 
192 


268 
318 . 
318 
317 

260 \ 
296 
30ft 
310 
324 
.495 


187 

•125 

129 

151 

96 
124 

136 . 
128 
178 
246 . 




Grab Sample Standard Deviation, t mg/1 


23 




•49 , 




CoeffiMent of Variation, percent 


. 15 


23 


32 


Anthroetic Mearv Of All Data Points 
* ^> 2^-22 ' ■ 

Ma> 22-23 ^50 

May 23-24 


129 

99 
120 
166 


27S 

267 
253 
305 


129 

156 
84 

148 • 



T^LE V 



RICHARDS^ GEBAUR ^AGE TREATMENT PLANT 
FINAL EFFLUENT 



Date 
Nay . 

1973 


/Sample T>^e And Time 


BOO5 
mg/1 


COO 
mg/1 


NFS 

mg/1 




24-hr Mech Flow Comp (Hants) 


43 


143 


• 

84 




24-hr Mech Tlihe Comp (Brai 1 sford y 


35 


137' 


51 ' 




^A — hv* Manual P 1 Primn ^A.hv ^vaKc \ 

t**-nr nonua i r low ^omp \«»-nr oraD) / 


a 


1 


b< 


2r-22 

- 


* r«r*h • 1 ?on 
1600 
2000 
2400 
0400 
0800 


CO 

33 
25 
26 
34 
11 


I J / 
1 

1 ^ J 

181 
154 
141 
98 
105 


Ow 

53 
51 
59 
78 

56 • 




Grab Sample Standard J^pviation, + mg/l 


3.7 


28 ^ 


8.8 


* 


LOcT T iC 1 cnt Oi ar 1 alBp)n , perCen t 


1 A 




1 3 




24-hr Mech Flow Cod^i) (Hants) 


23 


147, 


29 




24-hr'Mech Time Comp (Brallsford) 


23 


137 


30 




* 9d.h«> Manual P1/VW fnnn ^d.hr flv^Ahc^ 
III ndnuai, r luif \^\jsny \^*t— iir uroub y 


1 A 
1 0 


1 Cfcl 




22-23 


Moan A_Ki^ Tn^Ai^wal ^i^sK CamnlAr 

ncpn OT •♦-nr interval urol/ OampicS 

Grab. 1200 
1600 
2000 

2400 • ^ - 
0400 

0800- 


32 
27 
19 

, 21 

r 

22 


1 

1 cQ 

146 
199 
96 

109 . 
96 

110 ^ 


35 
49 
30 
28 
1< 

k 28 . 




Gi^ab Sample Standard Deviation, + mg/1 


4.7 


37 






Coefficient of Variation, percent 


20 


29 


32 




7a-hr Mprh F^ow ffunn fH>anfc.^^V 


^0 


171 


oc 
00 




?4*hr HM^h Tii^ Cqhiq fRrdi1^fnrri^ 


1 7 


1 fl1 
1 0 1 


7<; 


'23-24 


24-hr Manual Flow C(Mp T4-hr Grabs) 
Mean of 4-hr Interval Qrab, Samples 
Grab: 1200^ 

. 2oar^ 

2CI0 

04»-*-^ 1^ 

0800' 


12 
15 
11 

C 1 

22 
14 
12 
8 


141 
149 

133 

1 ^7 

1 J/ 

185 
• 173 
i41 
123 


62 
75 
86 

AC 

00 

82 
78 
55 
61 




Grab Sample Standard Qevittlprv, i mg/l 


5.1 


22 


12 , 




Coefficient of Variatjon, percewt^ 




" 15 


16 




* Arithmetic Mean Of All O^ta Points 


24 




57 




S May 21-22 
May 22-23 
May '23-24 


33 

22 . 

18 


ne 

161 


64 

32 
75 



TABLE VI 



RICHARDS- GEBAUR SEWAGE TREAWNT PLANT NFS COMPARISON 
RATIO OF SAMPLING METHOD VALUP TO MANUAL Fj^OW VALUE 



:;tanon 


Sample Method 


Date 


Average 


May 21 


May 22 


^ay 23 


Influent * 


QClC 

i:co 

Manual Flow 


2.'&99 
0.991 
1 .0 ^ 


>.r55 
0.431 

f.O' 


1.755 
\ 1.406 
■1.0 


1 .669 
0.-952 
I'.'O 




Manual Grab 


1 .223 


5.679 


'0.8'20 


0.907 
ft 




Hants * 


3.141 


1.537 


1 .449 


2:042 


pf] lary Ef f 1 jent 


Sigma 1^.0 tor 
/Manual Flow 


1 ,0 


0.700 
1.0 


0.96^ 
•1.0 


0.817 
1 .0 




Manual Grab 


0,9r;l 


0.975 ' 


1.170 


1 .042 




Hants 


1 .354 


0,743 


1.387 ^ 


1.161 


" inj 1 I 1 uer-t 


Brail sford 
Manual Flow 


'0.822 

1 0 


0.769 ^ 
1 .0 


1 .225 
1 .0 


0.939 
1 .0 




Manual ^jrab 


0.951 


0.794 


. 1 .209 


0.985 
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wou'l^i^show that inei^hfout of nitte cofiipari sons with the high ^ 
va.uuir ftS5.n- to^70'J-FjT, ,Hq} QCEC and Hants unitV the s'jlids levels 
exceeded those of the manually collected samples-. ; In seven of nine'* 
c^es the samples coll-ected by t^e slower-acting reristaltic and 
pist^type coripositors (.ISCO. Si gmamotori and Brailsfofd) yielded- 
lower s^i.ds levels, ane could also calculate similar ratios fpr 
BOD5 antl COD. These calculations would shdW that in eight out of • 
nine and seven out of nine cases for\ms and' NFS, respectively, 
the QCEC a^^Hants samplers resul^d in higher parameter concentra- 
tions-. . , . 

'The apparent removal efficiencies , of the Richards -Gebaur 
facili-ty can be calculated in a number of ways. Table VII shows 
the sixteen combinations of sampling methods and removal efficien- 
cies resulting ffom the four ^-hr sampling metTiods used on the . 
plant raw waste and .final effluent. An examination of -this table 
would indicate th«t the apparent removal efficiencies for, BOD 5, COt, 
and NFS ranged between 71-^9, 39-73, and 36-72 percent, respecti vel'y-' 
The, table also shows 'that apparent removal'efficiencies of COD and 
• NFS wi.th the QCEC on the infl uent 'i ncreased significantly and 'that 
there was a.correspohding increase in the coefficients of variatio/). 
With the QCEC combinations excluded the mean BODs; COD, and ilfS '' 
removals we^e 77, 43, and 47 percerti, respectively. Considering 
the QCEC cofnbir>ations alone these corresponding percentages 
increasedto 86,^71, and 70 percent, respectively. Consn-den'ng . - ^ 
all the sixteen ^cq,gn^,tions of.samp-linq r-iPthoch the coSffI ^•i>i-5 ' - 

54' ■ 
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• TABLE .VII . 

■Apparent 'REMOVAi. efficiencl£s cf richards^gebaur facility 

WITH^ VARIOUS COMBINATIONS OF 24-HR SAMPLING M^HODS 




• Sj'f^ple Method" CorDin^tior 



In"^! jent 



^e<ja of ^'dhudl 3rat>s 



Effluent 



Manual Flow Cotnp 
, Hants F1ow*Corp 
'Mean -J^drnia,"} Gratis * 

Brails*'orc! - >in^ Conp 



iJants P'lok Comp _ ' $ 
Mear o'^^ Manudl Grabs 
Brai.iSfor-l - iTime'COn^p • 



Manua "low ^Offp- 



1 *r 1 



e ..cxni 



- Manual P^low -C^Jfrp. 
Hants r low ^Gteftip 
Mean Manual Grabs 

^ *-3ra^ 1 sfgrd J.-' ime^Comp 



Removal - £ffu*sen€ies 
Percent 



B005 ; 



8? 
71 

76 



83 

* 80 

. 77 



7K 

79 

76 



•wMea'^ dnj Coeff ic'.en-t 

/^riaiior Including QCl: 
V Combinations^ 



"•ear", and Coef'fi^|||ht ' ^ 

Variation txcludi ngyjCEC 
vC'mbi nations ^ '-^ 



Mea«. r.q/1 



CoeffT^&ot ' 
VariaVion, % 



Mean/ nig/ 1 
coefficient 



riat+on, 



89 

82 ' 
87 I 

85 



79 



77 



5.3 



36 



COO 



55 ^ 



ERLC I 



44 

:39 



47 

49 

> 43 



46 

46 - 
4l 



72 

69 ^ 



50 



25 



43 



7.2 



A 



NFS 



52 
41 

54 



49 

37 
48 
50* 



48 

,36 
47 
50 



71 
65 
71 
72 



53 



21 



47 



12 



70 
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of variatron 6f the' removal efflclenjcres were 6.6, 25:-ancl 21 
percent, for BOOs, COD. and NFS, respectively- . • ' 

Glveii the pre^sent refinejnent of sampHng technology, these . 
variations In removal' efficiencies are believed to be typical- of 
wfiat can be^xpected with routine surv^rs aitd monitoring fJrograire. 
Thetimpact of4:hese variations in <ietenDining whether or not a • 
particular facility is in c^l^^ance with permit -requirements is 
obvious. • • 

> The, grab sample" data in Tables iVr.' IV, and V indicated wide 

fluctuations In water chemistry 'da.ta over 'a 24-hr period'.which 

decreased as the wastewatejifpaiised through'the planf.. The coeffi- 

?1ent 6/ variation of the NFS ^a range from 44-60, '50-41 . and " 

■* . ■ \ ' . ■ . • *• 

15-32^ent', respectiveiy, fn the raw waste, primaxy affluent, 

and finil efflyenti - ' ■■ 

Table v/l- was constructed using the three day^ of grab 
■sampling data ^and the- manual , f low«compos1te data of the r^^was'te 
and the plant final effluent, this.table shows *pparfent , NFS ' 
remedial efficiencies as a function of nuW>er d/ grab samples col- 
l^^d per day.Mi^' of l^ollectiiyi, colTSt1»Mntervfil (^4,' 12. 
ir. J/ir), and the* nunber of days' of s'ampling.'. These ^hat: sample 
eff1cienc;iesj^^mpared to,the remov^l'efficiencles resulting" ' 
from the manual -collected and flow-.compositcd, 24-hr sampler. '^An 
examination"^ of this table wqlfd irtdicate that the NFS removal/ 
efficiency as a'resit, of col lectirig one. sample fr^,jn the Influent 
^and effluent af 2400 hr on the 'first day of sampling was* thirty -one 



lAIUVIII 

ifmmkt^ soiios knovai «fici«CY as uuiiciioii of mmMmi sampies. ike Of couktiom. coiuctioi rnavu. m days of sanpuhs 
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percent. It can be seen -that tj^^oval efficiency based on-th^J 
first day-24-hr manual flow^ composites was 49 percent. In a ■ 
similar. manner, the treatment efficiency resulting from collecting, 
one sample per day at 2400,hr for three.days from the influent and 
^ effluent was zfe percent\^j|gsed on the. mean of the three, sarnies 
collected at each Station. Tlie mean flow-composite sample effi- 
ciency (5ver this three-da^ period was 52 percent.. Table VIII aV^ 
:shows those efficiencies based- on collecting: /a) two samples per. 
day at 12-hr intervals as a result of collectijii^fi rst sample 
at'l200'. 1600^ or -2000 hr, (b) three samples per day arS-hr ' , 
intervals as a resJlt of collecting the first sample at 1.200 O*- . 
V600 hr. and (c) six samples per day .'at 4-hr internals as a result 
Of collecting the first sample at 120*0 hr. All'efficiencies ori the 
diagonal of the table are the- result, qf collecting samples from 
ea.ch of the two stations at 'the s^. time,. Those efficiencies • 
kh^>wn below an>d ab6ve trte' diagonal • resulted from the effluent sam- 

- jples, which were colle'cted a-t multipl.^s of 4-hr interva>s following. 
^ '-^ oi: preced^ collection of the^raw waste samples. 

' • The tabie cleaHy mdicat^. th«»fallacy 'of reljwng upon .single 
•^rab samples and demonstrates that vajmng col lectior^time will 

- change apparen|^ pi ant e^fnciency overbroad' range. Looking, at 
:the efficiencies resulting from collecting one sample "per day for 

.'three days it can De'^seen that the 'removals ranged from -10« tc 
+70 percent.'- it is apparent that as the daily frequency of grab 
^a-^ipli^c i-.:rsvs4J -esu^v'ng eff'-.'ency r-, ,e n^rrc.^d^?- ' 



approached those eXfici'oneies resulting from thejnanual , flow- ' * 
composUe^ samples. Co:nparing six grab dimples per day with^the 
flow* composites, for otie, two, and ttiree days the differences were' ^ 
IQ', J, and 5 percent, respectively. , - ^ ^ ' / 

^he variation ir analytical results obtained with different 
sa»Ju'.in'vceC''.niQues can be studied in relation to the inlerlabora- 
'tory varidttj[in resulting from analytical qual ity ^coQtrol (AQC) 
s.tudies. • Slnndar(^'-1ethods (2)'contains a discussion, of precision ^ 
j'li »acy fVr BOD5, COD, and NFS based on the results of a 
njMujr of cooperating laboratories analyzing artificially pryPT^ 
'-'i JentiHcai samples.' T^se discussion^ are excerpted* ttelow, 
^ ' 3DD5 "'^ Precision aWd'Accuracy * ^ ' - ' 




m - 



•''Tbef^e is no standard agains^t-wich the 



accuracyjff the BO0»test can be rrieasured. To' 
!► ' obtain precision data, a glucosa-glytami c acid 
fnixture way analyzed' by 3^ laboratories, with/ 
each laboratory *us1rfc its own seed ipaterial ^ ^ 
(settled stale sewige). The geometric mean 
of ^11 results was 184 mg/1 and the standard 
• deviation of that «)ea%wa5 *31 mg/1 '(17%). 

The f^recision obtainelPby a single analyst in 
his own laboratory was *11, ^q/l at BOD ( / 

of 218 mg/1 (2, p. 494) • 

• • i ' ' ^. • ' ^ 

COD Precision and Accuracy * \ 

"A set of synthetic unknown samples Qon- . , 
taining potassium iac'^d phthalate. jfnd sodiurte^ 
; *' chloride was Rested by *74 laboratories. At 

200 mg/1 COD*in th^ absence of chloride, the ' 
standard deviatfoa was. 03 mg/1 (coefficient 
. ' , , ^of variation, '6.5%); At 160 mg/1 COD and 
♦ ICQ mg/l chloridej the standard deviation 

^ was 00 mg/1 (6.5%). while^t 150 mg/1 COD 

and 1,000 mg/1 chloride, 1^ standard deviation i^' 
' was 04, mg/1 (10.8%). * * . 



~ \ , •' ' 'ij . • • ,. The 'accuracy of this meinoc 'nas ^een 
* ■ • - • iSetermined by Moofe and Associates.' "Tor most 
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NFS 



organic Lorripoupds the cwjation 4S 95 tc'lOO". 
of the th^or^cal va'lue. Benzene, toluene 
and pyridine are hot oxidrzed."' {2s p.* 499} 

frecis^ion and Accuracy ^ ^ ' 



- * "T^e precision of the ^etemination varies 

. .directly with the concentration of suspended 

matter in the sampVe. The standaj^ deviation C 
" was *5 2 tng/l (coefficient of.varmion 33%) A- 
^ at 15 tfy/], *24^rrig/\ (102) at 242 mg/l, and - ^ 
.*13 mg/l (7.6%,) at 1 ,707 mg/1 (n = 2; 4 x IQ). 
/There is no satisfactOr>s^rocedure for^btai-n-. 
irrg the accuracy -of the m€1fhod on -wasBBater • 
samples ,VsiRce the true ConcentrationTT sus- 
pen;ded matter js ynknow.n." (2, p. 538) 

Table IX was constructed usi/ig the cQefficients of variation 

tresu^ting from th'e AQC studies reported in Standard Methods (2) and 

-the water themis try data'.4>f- the mani/a#^ fi9w-corr^)osi ted sanples. ^ 

In cpnstruction i^.this 'tab'le, it was 'assumed. that the manually • 

flow-composited safnples most accurately. described actual iHstiewater 

characteristics a/id that diata resulting fjcom tti| ojther tichntflues' 

were normally. distributed about the manual flow' analyses. This' 

table indicates that, 62 o'f the analyses (77 percent)^ resulti ng from 

the other sampling methods were oi/tside the r^nge of the manual 

flow sample data *1 standard deviation* (s). 'in a sfm'ilar manner, 

4 

it carvbe shown that 39 analyses (48 percent) were ©utside the 
ran;e of ^3s. Since-: the range of Os for COD and NFS included all 
interlaboratory analyses (assuming normal distribution) it is 
apparent that the variation in data from the Richards-Gebaur stud^ 
is greater t^an can be explained by laboratory analytical variatit)n 



* Arrived at by multiplying manual flow .data by Standard Methods 
coefficient of variation. •* . 

61 , * ^ 



TABLE IX 
■ RICHARDS -$EBR1R AIR ^?RCG 



•ANALYSES .OUTSIDE RANGE CF MAh^/; 
U 



S:<TUDY. 
'-COMPOSITED 3AMPIE3V 



1973 



Influent 



< 



21-22 



Plinudl Flow' 

ISCO - Flow 

Manual Time 

3CEC « Time 

r^anudl Flow 

ISCO'« Flow 

Manual "^ifne 

QCEC - TifDe 

Manual Flow^ 

ISCO - Flow 

Mamidi Time 

QCEC - T1fi»e 



'Primary Effluent 



2^22^ 



22-23 



23-24 



Manual Flow * 
Hants - Flow 
Manual Tlrne 
Sigmawtor - Time 

ManuaV Flow 
Hants - Flow 
Manual Time 
Slgmamotbr -* Time 

Manual Flow 
Hants - .Flow 
Manual Time 
Sigmamotor - Time 



Final Eff 



21^22 

22- 23 

23- 24 



Man^jal Flow 
Hants - Flow o 
Manual Time 
Bra41sfor^ - Time 

Manual Flow 
Hants -•firlow > 
Manual Time 
Brailsford - Time 

Manual Flow — 
Hants - Flow ^ 
Manual' Time 
Brailsford - Tinie 



Analyses Out Of Range (♦ ) 



BODc 



Cone, 
mg/l 



Std,* 
Dev 

t ngvi 



COO 



Cone. 
mg/1 



3 



Std.* 
Dev. 
t mg/1 



NFS* 



Tone . 
ng/1 



Std.* 
Dev. 
t 'mg/1 



Standard Methods. Coefficient of Variation 



51; 



113 
95 

124 

215 

99 

97 
HO 

107 

98 
153 



5/6 



5.4 • 



6.5i 



279 
330 
356 
588 

223 

165 
177 
388 

2S2 
^06 
?36 
526 



18.1 



14.5 



16.4 



Standard Methods 



5T 



57 
150 
• 94 
97 

132^ 
125 
124 
100 

ISO 
152 
175 



2'. 8 



6 6 



^ 9 




10% 



121 
120 
148 
254 

109 
47 
63 

126 ^ 

106 
149 
87 
186 



12.1 



10.9 



10.6 



ient of Variation 



.6.5^ 



Ibl 
480 
226 
^209 

J24 
235 
^ 192 

3V? 
?68 
317 
318 ' 



a9.8 
* 

17.2 
♦ 

20 7 



lo; 



' 106 
333 
104 
83 

80 
123 
78 
56 

129 
187 
151 
J 25 



10.6 

8.0 



Total 
Out Of 
Range 



- 8 



Standard Mtthcftls Coefficient of Variatvon 



5* 



29 
43 

28 
35 

23 
24 
23 

12 
26 

15 
. 17 



0.8 



0.6 



6.5X 



128 
143 

137 
T37 

153 
147 
126 
137 

141 

173 
149 

181 



8.3 
♦ 

*- 

10.0 
* 

9.2 



33!& 



62 
84 

59 

•51 

39 

?9 
31 
30 

62 
86 
75 

76 



20.5 



12.9 



20.5 



"5 



24 



^6 



62 



* Manual flow Jata -^ultipl 
' Standard Methods 



led by coefficient c^^rlatlons reported in 
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alone. Real variations In sampling methods become particularly 
evident when one considers that I7.BOD5 analyses (63 'percent) '^ere 
outside the *3s (3x5 percent) variation reported by a single 

1 aboratory and that the AQC statistical data used for the COD and 

%*» . - . 

NFS comparisons include inter! aboratVy systematic varvation vhlch 
was not a factor in the AFB.stu4y.- . 

Th^ standard deviation and coefficjl^ntj^fv^lation of- the 
three water chemistry parameters resulting from the four sampling 
techniques. employed at each of the three stations are shown 1n 
Table X, The coefficients of v'Sri^tion are all greater than those 
values reported In Standard Methods (2, p. 4^4, 499^ 538) for the. 
corresponding parameters. Included in the statistical data shown 

ijjn Table' X wduld be: (a), differences fn 'compositdlf performance 
^d manual sampling methods, (b) acti^ii^^jf^ri^Mons in water quality,' 
and (c) laboratory analytical random errors, - «• 

. 2. THERKA SWET SEJ^ASE TREATMENi PLANT-- imCOLN* NEBRASKA 

A comparative stucty of compositor pierformance^waG undertaken 
at the Theresa Street Sewage Treati^PP Plant in' Lincoln, Nebraska, 
June 25 through 28, #973. ^ ' # 

The Theresa Street facility is currently undergoing an exten- 
sive expansion with the addition of expanded activalTd sludge facil- 
ities. The present plant is a 113,550-cu m/day (30-mgd) facility 
with all wastes receiving preaeVattDn grit re[nova> and pr.imary ^ 
clartficarfo^n. Approximately 18,900 cu m/day (5 mgd)-of the flow 
is then tWted by a trickling filter system while the remaining 
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'table X • • . • 

STATI-STICAL SUMMARY OF RICHARDS -GEBAUR STUDY 



SUtlofi 




• t COO 


• 


s ' , ■ 


NM'n 
■1/1 


S 

t ■B/> 


Cgtfflcltnt 
Of Variation 
Percent 


Ntan 

■9/1 


S 

f«9/.l 


Cotfflclcnt 
Of Variation 
; Ptrctnt 


NMn 
■9/1 


S 

:t ai/l 
— 


CMfflclanf 
Of Varlatlw 


InflMMt 

fritmry Effluwt 

FtMV CfflMMt 


'123.3 , 
128.6 
.24.2 


35.5 
29.2 
8.5 . 


28.7 
,22.7 
35.1 . 


318.8 
275.2 
. 146.0 


125.1 
81.5 ( 

f 

15.7 


39.2 
29.6 


126.3. 

.m.5 

57.0 


£ 

5U7 
. 7?.4 


<41,9. 
55.9 
. 35.3 
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waste is.treated'by d".hvgh -ate -activated s.1udqe system with 
Secondary clarifiers. A . ' * 

■ The tnree sampi ing^tations selec^d were the raw waste at the 
'distribution box- to the preaeration tank and th? plant fi^a^ efflu- 
•ent with one station M~trP ovcrfl.w of' the secondary clarif.>V. 
and the or^er.at the outfall to Sale Creek. At the influent 3,^ . 
ISO) M»del 780 sampler* with an united sample conTa ^-campartment 
^ Ras set to collect dis.-r-- r,.ples at T-nr inte^^vals for -nanuol 
flow compos^ "-in g each mcr-^ing b^tv.^-^-r 'Jir n.i ^o-n . 
pier was^installed and c,,r.tH by city laDoretory personnel who 
.provided a portion of the coriposited sample' to the EPA field1>ves- 
_^tigations team c-ach moVning. Concurrently, twl EPA f.eld team used 
a QCEC-CVE compositor with ice.; sampl. chamber at the same sampling 
point. Tnis sampler was set to take 25-ml sample aliquots at " 
14-min irtervals. A portion of this t W^- compos Ue sartipT^ was 
split with- city laboratory personnel. 

^ The EPA field team u.,d a Brailsford DU-l •(6-r.in cy.cle time-) 
wUh an iced .ample chamber set tq collect final eff'uent samples 
at the secondary clarifiars., A portion of' this sample was given 
to city laboratory personnel. At the outfall to Salji Creek city 
personnel used an ISCO ,^del 780 composS-toV with an 'uniced s^^ple 
compartment to collect discrete samples at l-hr intervals fo. .anual 
flow cofnpositing' according to hourly .readings taken from the pl^nt 
influent flow recorder^ A po'rtlon of ^is composite sample was ' 
s^JPPlied to the EPA field team. ' ^ ' ' 

^^sSnir-l^i^eT^^ ^ 



TablTn presents tie results and arithmetic means ofi^the . 

analyses ^portfed by the. EPA, Region VII, Laboratory on the samples 

collected*yHiie city and by EPA. An exa# inat i o n-of- thi^ t a hle __- 

would show that the BOO5, COD, and NFS concerrtrations of the raw 

waste samples col lected 'wi th the QCEC compositor were, respectively,, 

125, 134, and 182 percent greater than the .levels found tn the sam- 

pies collected with tlie ISCO unit. The corresponding percentages- 

for the effluent samples were 104, 129, and 92. 

3. ASHLAND, NEBRASKA, SEWAGE TREATMENT , PLANT 

• ■ A third comparison study was conduced at the Ashland, 

Nebraska, sewage treatment plant during the week of July 28, 1973. : 

An ISCO Model 1391 and a Hants Mark 3B sampler were paired 

afid set to simultaneously lample'the raw waste 1n the throat- of a 

15.24-cm (6-in.) Parshall flume and the final effluent at the dis- - 

charge of the chlorine contact chamber overflow we1r^. The intake 

lines of the samplers were tied together and suspended -at mid depth, 

at each of the two stations. The instruments collected discrete 

0 

.samples at 2-hr intervals which were manually flow composited 

*■ /' ' ^ . 

according to the flow recordings Vf the influent Parshall flume. ' 

The data resulting .from the 5-4ay sampling effort at the , ^ 

influent a,nd effl'jent are shown in Tables XII and XI 1 1," respectively.' 

The van'atior, in wastewater chemistry data resulting from the two 

different compositors is apparent. The aritiimetic mean BOD5, COD, 

and NFS concentra'tirns of the raw waste lanjples collected with the 

' Hants. -os'-ot respectively, 1 79, 1*83, an^ 33^, percent 
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TABLE XI- 



THERESA STREET SEWAGE TREATMENT PLANT 

' XI rrcoLN, (Nebraska 

" -lASTEWATER CHARACTERIZ/ITION 



Station ^nd 

CcyrposUor 


Date 
June • 

1973 


Time 

Mil-itary • 


Flo*f* 

cu m/day 


•BOO5 
n»g/l 


&00 
' »9^1 


NFS 


fSCO-780 
City Operated 


:5-26 

26- 27 

27- 28 ^ 


0800 To 0^00 
0800 '0 080C- 
• 0800 To 0800 


•103,000 
104,000 
108,000 


335 > 
360 

* 17a 


■ 536 

598 ^ 
• 661 ^ 


136 
190- ' 


Ant 


^etK Mean 


105,000 


289 


598 


189 


Operated 


25- 26 

26- 27 

27- ^8 


^025 To 0945 

094S O^'l^ 
-0 074S ^ 




J 1 u 
465 

O 1 A 

310 


0/3 

610 
924 


^ 

328 
. 322 


Aruhfnenc Mean 




362 


■ 803 


' 34S 


'fflue^^ 


25- 26 

26- ?"' 


O^iOO To 0800 - 
^'SOCi \ jdOO 




-37 
51 
57 


107 

92 
. 106 ^ 


53 
31 
32 


Ar^ trn^** ic Mean 




• 48 


102^ 


39 


•f lue-«', 

- ^per-i* j 


• 25-26 
> 

26-27 
2;-2B 


]0^5 0750 


i 

\ 


^o„ 

48 

22 


188 
88 ^ 

I2P 


58 
16 
•35 


Arithf^etK Mean 




SO 


132 


36, 


' ^luen* 


Mear QCE:^Jata . ' 
Mean" fSCO Data ' ' 


125 


134' 


f82 


'fluent 


Mean SrailsVord Data 

Mean ISCO Data ^ * 


104 


129 


92 



JtlpV i>y 264.2 to obtain gpd 
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. . TABLE. Xfl 

ASHLAND. NEBRASKA. SEWAGE TREATMENT PLANT 
RAW WASTE 



Date 

July 


BOO5 
"9/1 


COO 


> 


— ^ — ' ' ' 
NFS " 
■9/1 


1973 


ISCO 


Harjls 


ISC(J 


" Hants ' 


ISCO 




N 23-24 


180 


220 


622 


1.064/900 


180 




k 

47^ 


24-25 


136* 


24^' 


424 


669 


110 




330 


25-26 


^77 


^520 


728/688 


1.744 


320 




805 


26-27 : 


258 


450 


556 ■ 


972 


•300 




860 


27-28* 




470 




1.270' 






** 

1,335 


Arithmetic Mem . 


213 


381 


604 


1 .103 ; 


228 , 


761 < 


BOD/CQO-BOO/NFS Ratio 






0.35' 


0.34 


f 

0.94- 


0.50 


- 'Iftj^xibo. X 


• -17^* ^ 


183 


3; 





* ISCO Cotfosltor 1to|functio^ 
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TABLE XIII 



ASHLAND, '.NEBRASKA. SEWAGE TREATME-N"yLANT • 
, F-IfiAL EFFLUENT^ ■ 



Date . . 
July 
1973 * 

.» . 


B005 

mg/1 .* 


. cog 


fs 

(Sg/1 


I SCO 
—J. 




•ISCQ 


Hants 


ISC0'» 


Hsntsr 


23- 24, 

24- 25 

,€7-28 '^^k 


» 'IS.- ■ 
flV 

11 


22 

i 

^ 10 
.39 ' 
' 47. 

n 


41 ' 

29' 
28 ^' 
» 32 . 
36 
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,40 ^ 

' 48 


8; 
"2 

id 


•5 

to' - 


Arlttwnetlc Mean 


- 13 


20 ) 


■f 

>. 


48' . 


c 


n 


B0d/C00-BOD/NFS^at>'o' 






• 0.39 




2.6 


I'.a 


^rfro^ X 100, t - 


154 * ^ 


14^/ 

[ 4> 


220 • 
■ ' '-^ — 



* ■* *• . . 



. 1 



5 



higher than the values resulting from these samples cbllected wi tK 
* the ISCO compositor". The effluent samples also indicated a signifi 
^ant, d^ffepence'Sn compos jtoi^^''#l^(ife the BODg*, CClD, and 

NFS values r^escrittn^ from use of 'the Hants coillpositor being, 
resp^tively, 154-, M6, and 22(y^pbrceyi^ greater* than th^ concentric 
t'vjn^ of'the samptes vajues collected with the ISCO sampler,- 

Tab^s XM an^^JCHI-shdw that the. BODs/rOD ratios of Ihe raw 
%,j^a^e pmples • collected with the -.ISCO, and Hants compositors were | 
1^ G.42, respectively. These ratios were 0.35 and 0.34 for*^ 

th\ e/flJ^nt samples. The close agreement between those ratios 

''^ • * . ' • 

."ind^ates KighJ^dbDratory analytical quality control and, further 

emphas^rres real differences in sampling efficiency between the two 

,c;oji<|30Si tors ' . 

Table .XIV presents the a^arent removal e^iciencies .of the^ 

'AshVand sewage tr^^aj^inent planti^or the .three paramet^grs using each 

of the four possible coirfcfaations pf composi^drs. It can be ,seen 

thj^t the rempval efficiency for BOD5, COD, and NFS range between 

^91-97, 92-97, and ^5-99 percent, respedi vely . 

4. KANSAS CITY, KANSAS, KAW >6l^l^EWA6E TREATMENT PLANT 
. OCTOBER 1973^ • : - a 

• A fourth comfJ^rison test vfis conducted on October 10 and U, 

^ 'I • • ■ ••' /■• 

^ .1973, at the KaAs^is Ctty, Kans\s,'Kaw Poi/it primary sewage nre^at- 
merit plant, - • * - ^ ' 

Three samplers were instal lecl and set to .time composite tUfe 

• • ' ^ ' ' ' - [ . * 

raw^waste of the plant. for a period of about ?0 hr at a point^^, 

immediately upstream from the bar screens. Thi compositars used 

•» - * • I p 
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■r-. ; . 
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TABLE XIV 
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. APPARENT REMOVAL .EFFICIENCIES OF 
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ASHLAND, NEBRASK/^, SEWAGE. TREATMENT PLANT 




ft 








i 










Compositor Combination 


f 


Parameter 

Percent Removal 






> - > 


Influent 


Effluent 


BOO5 
Percent 


■ . COO 

Percent 7 


NFS . 
Percent 


♦ : 


• 


IStO . 


" ISCO , 


.. y — 


fS >• 


98 ' 


p 




^ ISCO 
Hants 
' Hants 


^ H*nts 
S Hants 

ISCO* 




92 

- 96 « 


95 

' 99 
. 99 . 




; 

k 


> - 

# 

• 
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t 




ERIC 


\ 


4 




^ < 
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i 

f ' 



':--ol..ed a Q(>:c Mooe! tlVE^. a'^i |o.>V7S / and I-SCO^Model 1391> 
These compositors. t,he' int«'^e' If nes of which. wer*tied together and 
suspended -about 46 cm (18 in.;) below 'the -1 iquid surface". co\le^ted 
e^ual volume aliquots at^ interv^al s ,of /40,. and 60 min. r^s^c- ' ^ 
tively. ' 



ti vely. 



* ■ The collected samples were cJelivered to^the EPA.". Region Vl-j'. 
. Laboratory where. ^plicate analyses Vdr^N^S were run' The f^esul^s' " 



of those analyses are indicated below 




. Mean 
NFS , NFS 
'"^-1 mg/1 



■ 1,080 

f . Sir'co . . ,760 . 
« « , . . 680 

ISCO . 644 

' 520 / 



1 J 60^ 
582 




It can be seen that the'llrco unit' produced samples with NFS 
. data int^nnediate between" those values resulting fn)m the ISCO and 
OCEC comp9sitors. Referring back t,.Table;i (page IIK it can be 
seen that the 1 i qui d" intake velocity of 1|,e Si'rco- urrit also l.les ' 
between the veloci^esoV .the othfer tSo samp'l-ers. . ' 

otcES^ER^'^Iir^gl.i "^'^ '"^'^ ''^^'^^'^ ^LANT-- ^ 

■ Amre cofpprehensi ve comparUon study was :co7,ducted at thf 
Kaw- Point sewage treatment plant during pecember'l?; if and 19. ' 
1973^ Sixteen ^iff^ent me^^ . including four .anuar sa;npl.ing ' , 
tech,iques;-and twelve different make, and m^els of automatic' ^ 



composUc--5 we'-e erpl-cyed t(J cK)nc^r^r■^nV y sarrple the raw ''.aste of 
.this facility.^ c ' ' ^ ^ . "■ 

Tii^e and'flow-proportional samples were' collected' and com- ; 
posited maauariy at ■2-hr i.r,terv^s using a bucket" as welTas a ■ 
sjbf.ersible ou'mp*. ^Thns variation ir. , Manual ^ampVihg methods was* 
introduceJ to deter, -ine "j.f solios.were settling out iVt tiie bucket 
during^tpnsfer frorr; the 'waste -stream to the-l abofatory sample con- 
tainers. 'Js^^ng tn^ f/bneVsible purtp, samples were pumped- directly 
frpm^th$ source t;' :*-- contah-'er '*" - > '*" 

The twe^/e s v/:le,:s , ,the intake lin-es o#which Were ti.ed ' ' 
together and suspended Tn -tne r^iddle of the, waste 'stream , were used 
•to take" tii-^-cc-pdslte sanolesr^ by' drawing, equal -Volume aliquots.^t, 
interv3>3 -whl.;;, raned fr^m cort'ti'nuous 'u'p ■' to -V hr: Samp/es were 
collected over „ pe-rii^of 4<3proximately 24 hr on botn -December 
12-18 arid ,1S-19.- With th4 exceptiorv of 'an N-Con Sentinel sampler 

, »/'.' • -' - . . ■ 

^h_Ka r*f?:iierated^sa(j1pl8 contai ner-ctr^pa^trnfent and wMcr was 

•pro'vided-CQk^rt|sy of tjie manufacturer," n^ne oVtT)T\^fnc.^es- were • : 

••keptlMrig^rat--d ifuru.^ tne sa^-^'-ng per.iod. The collected Urn'- 

I , .... 

pies were analyzed ::y.tne EPA, Region VI I , laboratory for^.-BOOg. ^' 

•(Decemter 1 8-19- only ) ,^ CODV-and-^jts^whichVeire run in dup^cate. ' 

Raodon>^a:v:^-^^^y an^lyt i eal .er,rorsSfc- NFS were-miniPii^ed-Dy °; ' 

drd.v>-ng:a;--j6t3 ^:tn ct wide^moutned pipette ' from the sarples. 

. ^' - 4 • ' ' ■ ■ • A . 

rkiring .aq-. ,:-,o^ v/itn > r.agneti c ,sti rrer ' • ' ' 
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"TJte results of the companson test are p-reser^ted in Table XV 
and are arrange.d acceding to the liduld intake velocity of %ie * 
particular'' technique or compositor used. . An examination of this 
stable Would indicate that there was correlation betweeh concen- 
tration of panameter and liquid intake-velocity . Calculation would - 

aifcoihow that there was no -correlation between crosr-sectional 

# - ' ' ' 1 . ^ ' 

^es Of^the int^e line and concentratio.'i lor between an intake 

, tybe cross-sectional a rea:fel oc ijty , -product factor and concentratio*rK 
The data- resulting, from -this comparison test do not suppo-rt those 
results obtained in previous tests an/j the reason for this is not 
entirely understood. The nature.^f the waste wffich included meat ' * 
processing scraps; soap, grease, and fiber glass was prob^ly a . ' 
contributing factor. ''withoiJt (^nstant atten^ori upon th^ part of- . 
th-e'^o sanitary engjjjeers 'who were on^dlity throughout the sampling 

''period, piost of the cogipdsitors would have failed. Over the two 
day perio.d the follpwing Equipment mal functions vere noted and 
.corrected: . • ♦ , . ' 

• . Brail sford EP>1 . - Cleaned eight times sol ids visibly 
; ^ accumulated in the bolftom of loops irvthe intake hose 
during the entire safT^jling^perlod. ^ ' ' [y 

Sigmaifotor - Clogged three times, cleaned wtth- 

• • ' compressed ^ 

/ISCO 1391ig--ga^l6telv clnggpri fwi'c^ and :ne- bottle 
^ . ' short on the^irft d^y, fpur bottles empty, on tha ' 
second day. ■ ■. . 

N-Con, Surveyor. Completely clogged six times with 
• meat and g*;fn scrapls at the constriction on the intake 
■ sid# ^f the pump. ' . 
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DAIA'AND STATISTICAL -SUHMARV' OF 5AMPLLR COMPARISOH ST'j^Y r 
y K^^NSAS CITY., KANSAS, KAW POINT SEWAGE TREATT^LNT PLANT* 
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. , " -■'■y^' --'^--^es ei„piy and 

Jhesecun. ^ " '"^ ^""^^^ 

% 

2CEq-C^t_j;61 ci^^cl - clogged orce, cleaned with ' 
compressed air. 

* 

:iK^{7S - One bottle short the first 'day - sa'apler 
■tire appeared tc be about twenty percent fast as all 
t.ve-uy-four bottles were filled in- nineteen hours. 

-c iJ!nPd^h"^S^ ■• completely four .times and 

TeeJ Submers^-ble Pump - Twenty-four failures d.e ' 
primarily to fiber glass batting clumps and ir 
several instances grease 



I't is 



c?p Aren't 



^rent that only .tlje three gCEC samplers whith w|re 



• operated a,t liquid intake velocities, above 61 cm/sec (2 fps) and 
.the ff-Ct)h Sentinel performed satisfactorily. 

; \^ It H'felt that the "high solids leve? ir^ the w,astewater. .par- • 
ticuTari;^the fiber gl^. may have acted' as 'a straining n;echanism^ 

^in the tubals and orifi^ ot the vaYious ;compositopi to an' extent' " 
that would have maskeAhose effects du^e'to 1 iquid ' fntaJ(e velpcity. ■ 
With^e exception. of t^re December lBr}9 COD data, the flow* "v. • ' 

.pro.ort:onal -:^les colle.tPd^th a bucket were ef..igh,r strength 
^na. the.a-r-.h.-netic mea.n of the concentrations found in'the samples 
''^■'r-'" '^^^^d^- .Loo^in./t tne af ■, thmetic ..ean of ^^e " . 

. da^.'i ^r each niethod, .t aar -s, ^eer tnat' on V or,e' compositor' ■ " 
.'OuC-CVE set^^t 9] cm/sec) produced nigher st'r;n^Tn s^ampies lhah , ' 
< Vose-resa]t-:na frori nanual flow-prop«rt;oaal samplin'with a \ 



r -^- if, th^3 --u'l tec^nfaut 



. 7G 



V 

it is •apoarent t'^jt t^^^ ddta .-^e'. t . ■ tn^other.r^ethocts are 

rot npr^'ji'y ^ .tTibuted.. . , ' 

BecdjJ'j tne results oDtained w^tn tn^ Brail s^ord (method 
3) differei snni^v;antly from the* -the'' :!'^ta, the ipeart, standard* 
dev:jt^ .' \S;, and the coefficient of variat^jn were lo^cuiated. 
with and without' tf-e Brailsford data. Except fcr the _December 
17-18 COl data, deletion of the Brailsford results increased the 
niean and decrua'.etl t^- s Looking at tne NF^ s, it can b^seen 
that excluding tne 3^e*lsford data result^in throwing .more of 
the compositor oat^ outside the range^of t\e nianual flow da1;a * " 
one standard deviation. Jv^ • ^ 

The dlipSicate analyses for NFS-rriad.e if oossible to determine 
the variation due, y\ ^'^ndon laboratoVy ^rrpr and that which' could 
be attributed to variations in sampler performance. Using the 
method developed by Youden (I) for statistical analysis of inter- 
laboratory col'laborAti ve tests, the standard c(p^iation due to 
variations in sa^^pler performance can be c^l c^l ated. f rom the 
equations: 

s2'= + .s^^ Formula ^(^1 



where: 



= Vld^/2n : For-ula (2) 

s ^ si-indard deviation the ra'\ data 

^ = standard deviaf.^. dj- ^aVi^tio'': in 

'sd-^O'ing t^chr-^Zj^e a", '.^'''p: v 'lar per- 



= standard de^ia^tion due to random 
laboratory' aaaj^tical error v 

d = absolute value of difference between 
i duplicate analyses 

n = number of samples 

Because taking the fiifference between duplicates cancels out 

all factors affecting data variability except those due to random 

laborator^error/^a single estimate of Sr can be' obtained using the 

data for both 0ays Tn'= J2), Using the differ^^es calculated In 

Table XV n can be showp that fo^the NFS data is equal to *10t 

mg/l.^ Solving Formula (1) f^.i^ and using the s of the raw data 

^ ^ ' A 

It is a simple matter to calculate Sfa., These values are shown in ■ 
Table XV for the NFS raw data with and without the Brailsford . 
results. Disregarding^he means of the duplicate analysis it can 
.be seen that S5 ranged from *92 to 271 mg/1 . Computation would, 
show that th6. coefficient of variation due to sample performance 
varied from 9 to 22 percent. 

B. COMPARISON OF TWO MAN]^L GRAB SAMPLING METHODS 

'^In addition to variations in water cherofstry data resjjlting 
from differences in p^rfortn^nces of automati c wastewater-composi - 
tors," the Field Inve.stigStions staff has also found evidence of 
data variability due to;difftrent manual grab sampling techniques. 

The data shown in Tables XVI and XVII and' presented graphi- 
cally in Figures 2 and 5. were ertracted fromtan "ongoing" stutjy of 
an extraneous flow facility. This facility, which is ess^tialTy • 
a primary treatment plant, 1s activa-ted by the rising water level 

■ ^ ■ ■ . 78 . > 




66 



in a sanitary ,s ewer resulting fropi stor.^ waie^ onfiUration. This 
unit Uk'Z'S firvo in e>cess of sewer cap'j..it>, cnlorinate:,' and pro- 
vides approxinately thirty -ninutes of ^s^meiilation. The darifier 
overflow is piped to' a stream and the settled solids are ^returned 
to the sewer. The raw- waste to this facility residential vn 
character and becomes progressively weaker in strength as rainfalt 
and infil trat^ion continae. 

Jhe influent and effluent of this facility have been sampled on 



three separate occasions ^hiring suitable raijjfall events. *rhe*^data 
own^ in Tables XVI and XVII were selected f^m the raw waste sam- • 
pling results from the first two events. Dur^iig the ffrst event 
(September 7, 1 972) theVaw waste was sampled* with a bucket at 
10-min intervals frbm the time the clarifier s tarted' fi 1 1 ing. 
Duri/ig the second event (November 6, 1972) the raw waste was sam- 
pled with a submersible ptmifx* stispended at mid depth in the entering 
waste stream. /During the first event, five laboratory containers 
vere filled from the bucket. Dbring the second event, the -five 
containers were filled directly from the discharge end of 'the. pump 
hose which Tiad an estimated ;1 iquid .'veloci ty of 4.4 m/sec (-14.4 fps). 
In the laboratory, al.iquots for BOD5 and NFS determinations were" 
extracted from the sarne sample .container. Aliquots for C/)L^analysis 
were taken, from a separate, preserved, sample. * f ' ' * • 

. Comparing Tables XVT and XVIJ, jt can be seen thatNthe' dura'tion" 
of sampling was Icnger for.' the second event and that 'there was a " 



*'TeeT Submersible Punp, M6*del 1P809, Dayton Electric 
■ Manufacturirrg Company, Chicago, IllinQis 60648 



GRAB SAMPLING. WiI>^ BUCKET 
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t i^rogressive decredse#in strength of .the raw H^te oveV thij longer 
time period. Cqnseq/eg,Uy , the water cr^iemi s.try %ta are compared» 
over the a.pproxi'^tt same' el apse dTttne per-ioij. 

^ .• Figure 2 shows the ate of BO%,'C00, and -NFS. leveXs^'tH time.^ 
''or tiie first ev^rrt and inclica-tel*^that%the concentrations , parti- ' * 
culariy NFS, did not follow or' reflect eath ottier very well and* 



^^yTthdt 19 of the 31 sets of grab^^ampJ xollected t^l percentl'T^ljjj^, ( 
S005'/dOD ratios greater than unity. Tlie wan BOD/COD ratio^xs 
'-Ch.98 with a -standard deviatiorO(s ) of *0\30. Figure'3, which sii(^s, 
'the data for thB second even^svng the submersible pamp,^ indicates 
-that rthere was an improvement >n the manner in wnlch the parameters* 
k .fol lowed each othef and that omy om^ da t«' point out Sof. thirty-five 

had 3 BOD5/COD ratf6 greater than one. ''"'"An evaluation o^f the data 
/ ^^^^ second event over t-he-^same elapsed time^'perlod as that of 
the first eveitt resulted 'in a ' rw§an 'B6Q/C0D ratio^tffe.0.52 with ,a s 
of *0.n/ Table ^VVH also, shows a cJecre^se in ^FS 
/-.data frojTi'' il45 mg/1 to *»ipi mg/'l. ' ^ ' . • 

' A BOD5/COD ratio ^r|ater than^unity is never encountered in 

• domestic waste and v?ry seldom' encountered in an- industrial waste. 

^ ' ^ " / ' \ • * - - 

.The HiN .waste of this faci;11ty originates in a re$< dentinal area / 

' * with rfo known i ndus tri al ^waste^ or toxicants whi\:h wojttld affect* 

• ♦ • ' ' ' ; • . , ■ • 

» ■< ^D5>va.lues. Analyses from the first event which are not repro- 

4i>ced here indicated only' negligible, conce^rations of heavy metals 
, and a m^an effl^ueot BODc/COD ritio of 0.6??* (twenty- fpur sainples) . 
'■ ■' with. alT^rattos leg^than one . * ' ' : . * ' " 
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• . ^ Although these two eventj/w.ere coitipVeteTy incjepend^nt and'th^ 

• ' .data from the. f.fst event dould .oji-ct?'i vdblj^ represe.nt^a'cWal waste- 

water characteristics, the data mClting .frcjrn use of the bucket is 

r ' 

. at least questioncbfe. ■ Comparing the , two events, it can ire' s^n 

' ' .... > * •• - u 

tnat there was a decline ir^BODs ai\d NFS .concentrations of ttte, ' ' 

-.p^mp-]e% collected during the^^'econd event; however', the NFS/BOO5 , 
» • r?-ti6s. which were,f'J8%nd^. 27 for'event.l and "2^ respectively; ' *• 
-were, in approximate agreement. Although the BOD5 an^ NFS levels 
^ decreased during the#econd event, tfterte waS' a 55 percent ^crease > 
- in COO. Since ft is>imposslt4e to agitate the contents of a pail ' 
' ^d fi-Tl a smaU-youthed container simbil taneous ly , itL is believed' 
t'- that use of^the buck4-^to wHect samples allowed some ofiig^ ' 

.heavier, nonbiodegr^able^ol ids to settle, out. ^fhe high discharge 
^ velocity of Jt-he,purnp MS believed to havfe'effectively prevented, any 
settNment and tc^ have resulte.d in a fnore rep re sen.ta t i ve' sample 

Data conipariso;T from these two-evpnts c^st suspicion upon". ' " 
; ^ ^ manual methods of sarpling which T^volved dipping of'^sampjes out" 

0^ raw waste sotfrcef, ar^d, ^nsequently/raise^ the question 
, \^ ' whether or not* manual g.^ab. samp.l ing ij -a,sui table "yardstick" for 
• • evaluating the performance ,of aut'onijatic wastewater sampler's.. . ■ 

' • ' 'r .' • ^ . ' . ' ■ • 

. ■ 0". Apri] 15' through 18-. 1973.. -Field Investigatipns personael ■ ' - 

♦ • ^ ^ conductetJ a 0erfoTtt>ance tetl at the n3.500-ou..mVda>(;;(30-mgd) Kaw ; - 

• ' Pnir.f primary wastewater treatment an^ m Kansas C Kansas ''^ 

* »' T.o' I'ants sc'u trs ^-^r" I'rsf, ii^' -r^' ,or,f -r,,) * ■ 

' * • . > • (• 
♦ ^ - * ' • V • '. ' ' Vk 
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to altsmately collect samp'les afheurlf interval's . ' Ai r^CQ 1391-X 
• compoi^tor was jnstalled at tiie ef^Tuervt and set ,to .collec^^Hmples 

at .hWlj^ rntervals.^ Between- 08OO- and lOOO hr each mo.n^trtg tte 
■dl/cre.t^ samples' collected attach 'oT the two stations'viere manu- " 

ally composited according to the hourly pumpi»tp>ate records for 
'the three influent pumps serving 'the plant. The' comported sanplef . 
-i-itF no' preservation other than icing, were split between the ' ' 
, treatment plant laboratory and' the ep>\. Region.' VII . Laboratory for' 

analysis. ■ 'V ■ , ' ■ • ' ^ 

-In addition to the fl<J*^-proportjonal- composite samples, two ■ 
grab s*Hi)les'were, manually collected e^ih mdrning at bo>h of tha ' ' 
sampntig stations. "During the last 24-hr composite period, grab ' '! ' 
samples;, were, collected at 2-hr intervals from 'the tnOnjent and- 
.ana>^dJor COD. The grab s^les were not spl'it with eity per*- . 
Sennel ^ ■ . ,^ . 

Ifce^data re$uTttn^>rom 4J,is 'investigation are" presented fji 
Tabl€! XVIII which also shbws the calcul'ate*.remov'al efficiencies • * 

4 



for the three parame^gs^ng the EP;\. and city analys^of thi* ^■ 
,composite:sampl^es and thi EPA- analyses of the ^rabsanjls 



Is. An 



exa/rinniwi of ^1^ table wSlS indicate ^i<ie ranges in removal 
effkie^tcies as a resu1t*bf variations -U int*rliorator?'analyses^''' 
.anc} gfab jamp^le characteristics. 

; It. can be.seen.that the greatest interlabor^pry variatiori ^' 
w^s' in ^00 analysis. The fojur-day arithmetic mean COD of *J^e , j" \ 
affluent samples analyzed b/ EPA and th^ city was i.9% an^; -UOSO 
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• TABLE -KVIII » 

INTEPLABO^tORY ANALYTICAL ANO SAMPLE 'VARIATION 
KAW PpiNT SEWAGE TREATMENT^ PLANT - KANSAS' CIlV. KANSAS 
• ' " ^ . APRIL M 
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J'-g/l* respectively. Apr"; * i" ^r\d 16 the v^r'ation was even more 

pronounced with con'ceiitratio/)S of 2,320 arTd 493 mg/1 ,* respectively. 

This difference Is iri excirssrof jnterl aboratdry variations reported 

nn Standard Methods (2, 'p. 499). Investi gatiorT of laboratory tech- 

nique reyea/led that 'the EPA labora^Opy jsed larger aliquots whith 

iwere. either dr^wn frorfi a.we^-mixed sampre v^ith an opef^.tip pipette' 

or poured into a graduated cylinder. The manner in whjch these i 

larger al iquots. were c^j^awn is belieyedito haver resulted in greater 

and more repres.entati veness amounts of noxiftlterable residue. 

The data clearly indixiate 'the inadequacy of replying upon a t 

limi^^ number of grat samples for determining wastewater charac-- 

teri sties pr plant performance, ^n^^^'-^ case, the removal ^ ^ 

efficiencies calculated from the grab. sample ddta:Were less .than 

tho3Be efficiencies determined fr^m the composite sample data 

. rfeported by the two laboratories. '; The C.OD analyses of the raw 
t' , ' ' ' . ■ ' . 

was^te grab samples cojllectsd ^t 2-kr in4«^vals Apnl 17-18 ranged- 

frok 1,030 to .^,950 fag/1 , had a meafi of 1 ,810 mg/l, and a. standard 

deviation of i545 mg/l - (coe^fi clent of variation, thirty percent). 

' ' _ '. \ ' ■ - - ' ■ ' i , ' 

'D. SUf-^I^AND DISXUSSION • " ' '• 

1 . "SAMPLEB PERFORMANCE ' - ' ' 

In eviery case, t^he sampler comparison studies on raw wtste 

.indicated variations in water chemistry data which were greater 

than coulJ be expVained by laboratory a^^ly^ical error. This 

• yyiatiofi wa? Oarti cularly -.^narked with the flfS paraneter.^ Tb'e 

JHch^rds-Gebaur sty.c^y resultec in data which showed tnat in eigfrt 

90 • 



.of nine cas'es the.high-vdv:jjm, m\jn-'Mqind ,^#akP ye^ ^ 
38 and'QC£C-CVE sample*^* produced tirne-to^posite sarTipl\s' wUh .NFS^ 
levisis 'that, range ^rom 15' to 214 pe-cent g'e^ter tf^an concen-'^' 
t^tipns found in"manuan>--:'^Se:t4rd/ffoJ'Nbrrpo$nea.^ampl^ 

^Ifcnfi Iterable so>1ds -zin^u :ra%on in the raw waste samples ' 
collected with j:ne QCl? c\';-o:.-izr range frcn; 15 tp 100 percent, , 
greater than the levels , preser i -n those sarples rollected ma^nu-. 
^ll>.*This sampler* was -"useKJ to collect tin.c-composite samples ^ 
which included equal* vo lucres of the early "tcming low-flow, Jow- > 
strength waste that wduld, >'n theorj^ave biased the' sample low-^ 



in ^^lati(Hp*^ the flow composites. * 

, A startis-tjcal analysis of all theVawwasto dku resulting 

from ^he three-day- Richard^-Gebaur-study resulted coeirf' f i cients ' 

of variation of 29 , 39, and 42 percent, respectively, for BOD5, ^ 

c6d, and^NFS. Included in tnis variatior were:., (a)^ actual ch/igeo 

in wastewater characterist* :s , {b} differences \f\ sarpl e^ . perfor- . 

mance drvd mar 'lec^^m :|ucv, ^c) field er'ars^ljtaanual- cornpasiting 

-methods and ^d,^ 1 i^ordtory rando^analytical .e^\rs ^'Standard 

Methods' reports {2, p. 494, 499, 533I coeffi cient^o^' variation of', 

5. 6>5, and 10 to 33 percent, respect^ vely ,. for thesfe tfTree/ 

• J» » * ' 

paratieters as a. result of mterlabo-atory an-j^/ticil collaborative 
/. . * - , ' , ^ ' . . ^ ^ . ' , . 

tests on Identical sables. As an estvte of the analytical error- 
which coyld be exgec-ted from a single laboratory,- the Sta^d^fd 
Methods variance* for.^^QD and NFS ^re hig^h. since systematic 'errorr^ 
'of i number o'f Tabnr^t6ries,^^re -ir:] Lded. It is aoo^V^- f/^^.at the' 
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.^ajor source '.f 'data variaBiWty is.'due to act'ual changes Jn ^yater^ 
chemistry and field techniques. . ' , ' ' 

Th? comparison study of -the QGEC-CVE, and ISCO samplers at the . c 
^TT-.eresa^Stceef^ewage treatment t^lant in Li nco|^. Nebraska, showed 
^ 'that the-QCEC compositor produced time-composi teS^rr^ thafWeW'*, 
•respectively. 125. 134.' ^and 182 percent higher in BO^' COD. «nV \ ' 
NFS thaji those flow-compos ite^samples"o(Jt^ned with, an ISCO Model ' " 
780. The corr^spond|<^ercentages for; the ^fflueKt' "^amples wgre. ' 
129; and \ v ' ' -. " ' . ■ ■ ' . . 

.A.comp^ison of raw waste flpw-propSrtional sanples collected 
_ over a five-^day. period.with the Hahts '3B and ISC01J91 at^Ashl^nd. . 
.Nebraska, also indicated a* bias. The mean BOD5 , ;COD. and'NFS 
.concentrations ^o-f the Hants samples were 179, Misi, and 334 percent' ,' , 
h^^her-than tne "level 1^ fouiid in the'JSCO ^ainpl*. ^ The corresponding' . 
values ,fc^i* the feffVuent samples were 1^4. 146, *id;220 percent^ ' " •. • 
respectively. * . ' . _ ' . ; * 

**aste samples collected. coocurrent^^ ^it^j^^^ ' 
.Sirc^ MKV7S.>^_ af,'.ISC0 sampler'at th'e .K^'rtsas,:«ik^^^ K^w ' 
Point plant hard mean NFS cftncentrations -of r,l60^5^i'J ai?,582 mg/l. : ' • 
respectively." W concentrations- had .the .same. relationshipTo ' ' 
eaclj othe^ as did the liqfi,td intake velSl^ties of the S3,.:plers . ' '' • 
.; The conpamon study at the Ka^ Point pl ant using .four "diffe^^^ 
ent. manual' sam^l 1ng ^tecJwiiques and to/el v/ different .compos i to^^s did ^ 
no^ any ' correlation between 'l i quid intake v^Tocfty and, param- ^ 

ete< c.n.:en{rations. This ISck . af correl-ation was felt to' be 'due' ' •- 



■ to a- straining'mechanism^ resulting from tf]$ high levels of ^us-^' " 
pende« solids in the waste. Because dup}ica^ analysis for NFS 
.was run for this stu4y, it was 'possible to isolate ^d^stimate f' 
data variability due to laboratory random- analytical error and that 
•due€ differences in compositor perforllnce. . Standard deviation ' 
^l^aboratory error was *101 mg/1 (coeff^cienf of variation, 
appjoxlmately 10 percent). The^ deviation due to sampler perfornjance 
ranged from *92 to 271 mg/1 (coefficient of. variation 9' to 24 per- 
cent), depending upon whether. or pot tihe Brailsford EP-1 samp.Te 
data was Included. <• « ■ . 

. s ' . 

The comparison studies indicated t^at the^high vacuum, high 
IJ^uid Intake yerocity samp.lers. we»^ mo»i^. efiflecti ve in capturing * 
solid material. Although these units'al^p pj^oduced higher concen-. 
tratiDn.s of BODs and COD, the increase in, NFS was '.disproporrionately 

.greater-. -It would appear that the si o^f--acting pe<^istal ti c- and - 
piston pump type '^mplers are ej ther not' capturing SettTeable 
materials or that after i'ntroduction'to the i^vtake'line particle 
settling velociUe5 areliigher- than liqu/d intake velocities. 

.Another^ factor could be the tfgitation of sample incr^ents during 
collection. • The greater intake vel'ociti;es bf- those. compositors 

which hdv| yielded hign s.trength sanples may be breaking up'lll-ger . 
size suspended materialman the aliquot passes through the sampling 
ti^ain and into the co'llection container. In.fhe laboratory, 

S^'spens/ion of smaller- siied ^particles would be more -amendable to 

Ixtractior of representative anounts 0' residue with routine 

pipetting procedures. ' • 



2; ADDITIONAL PERFORMANCE STUDIES ' . ' _ - 

: _ "The Richards -Gebaur study indicated e/tremely v/ide ranges«in 
^apparent facility removal efficjencies as ^ function of grab $,amp1e 
data wfiicK'was manipulated to show effects -of conertVon time.' 
sampling frequency and interval, and days sampl^^c. Additional 
comparison studies using identical sampling equipment to collect 
discrete, time-comfwsite, and flov/- composite sample^ would te use- 
ful in developing TOre"^ adequate grab samplir^g rneM^L iOl ogles . 

At this point the Field Investigations S-jc^.^on is o'^-the ^ 
ot)inion that littfe more can be gained fram field ^...luation of ' 
.sampling equipment on the basis of sample representativeness. 
Under field conditions variables cannot b^e centre^ 'cg, actual 
concentrations of wastewater chemistry paraTne-ters are unknown, and 
manual grab sampling is of questionable valu^ as a "yardstick" 
against ,wh^ch to measure the performance "cf ^aiitoratic sampling A 
equipment. 

The variabil ity' of NFS concentrations indicates tNat it is* 

especially difficult to obtain representative sa^^)^- 'roft'.entrations. 
of this parameter because of its sensitivity to changes in collect 
tion methodologies, fiven the "state tho art" s:ufn/nt^> 

'available compositors and ev^rr-incree^ng' vdrieti^' of ^^q.i'pjient 
comi.ig on th^narke.t, there is an urgent need* for dovelopr-'^qt of a' 
synthetic suspended solids waste to evaluate Sdmple^'s 'j/i<ier con- 
^Jfclled labonatpryr -on'ditions. ^ -' .u^t.^ble ^--thi^ti nt-. (a) » 

^cOLii.v be used a\ a ,.\for-ancc ^r.-' [^^'''^ - ^•J^--.'■-:in;^Sd^7^prcV-•'^ 
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(b) could kg used to de^termine 'the j.*epresentat; veness of samples 
collected by various makes and models of composUo.rs , (c) could 
, dejtermine the suitabvl,Hy/of specific equipment fpr^articular 
./applications, (d) ^uld'T^a step toward stand-ardization of sam-. ^ 
pling methods', (e) couTd result in re<<uced water chemistry varia- 

bility* (f) would inqreM^-'data credibility for enforcement 

' ' ^ ^ ' / ' ' ' . ^ • 

activities.. " . ^ ^ . 

Developmertt of a Synthetic solids was t^ to be .used in con- 
junction with laboratory evaluation of sampler jTerformance would 



require^consider^ati^ of the following, variables; (a) particle* 
size and specific gravity, (b) sampler liquid intake velocrty, (c) 
Jutake tubtf^'diameter,^^ (d) orientation^O^ intake'l ine with respect 
to waste stream velocity vectors, and (e) liqui'd- tempera cure arrd 
^Hcosity. r ^ ^ ^ ^ 

SELECTION OF SAMPLING EQUIPMENT . - * ^ 

Although the results of thie sample^; comparison 3tjdies ore not 
conclusive and additional work is needed, it is the opinfon of the, 
• " Field Investigations Section that high-vacuum, 5 ar^ip 1 ing 'equipment 

^ . pro'duces-iiiore representati v^amples. rti waste sources^ with 

appreciable concentrations^ of l^rge anjj/or heeu/y .settleable matferia*! 
k such as a raw munic^ipal wastewater, the section makes every effort 

\^ t > to install a high vacuum. unH when .c^patible with site cor%ditions 
^ and data refinements, * Since these .urWts jcfeld higher results,'* 
, ' - they are of advatitage to treatment plants in determ^ -r^uon of * >^ 



4- 



.r^val effictaoc^es. 



Variations ;n comp'jsi t(^r -^r foni.dfrce dt effluent sampling, 
stations were found ,:o jrna^ ler due. to water cnemistry equallza- ' 
tioa resulting from plant reteritTcn nines Bna,Mt is felt,^to the; 
lower' levels, of suspended- material which are smaller, more uniform, 
and of lower dfervsity than the particles found in raw waste.. 
Although high-vacuum samplers can be efffectively used on these 
wastes, the data would indicate that well-treated effluents with 
no visible. sol ids can-be representatively sampled with^the slower 
acting compositors. * j# * 

4. FLOW PROPORTIONAL SAMPLING 

With present sampling technology, the section feels that flow 
compositing of raw /nunicipal wastewaters and other waste? with 
appreciable settleable solids is neither necessary nor justified. 
The, variations in sampler performance, and manual sampling techniques 
completely mask actual changes in wastewater chemistry character- 
istics. At best, variations traceable' to differences in compositor,- 
performance ranged from ^9 to 24 percent. In some i nstances 
differences in NFS levels 'were over 300 percent. Data disdrepancies 
of this magnitude do not warrant the extra time and expense involved 
in instilling sophisticated sampling equiprient and flo/ measurement 
devices. * ' 

The comparison studies on treated wastes would indicate that 
well-treated, sparkling effluent with no visible soli'ds.are 
amenable tc ^ ?w-^roportional sampling and *het a su'itabA composi- 
tor -.an be-seipctf"!] without regard to variations in performance. 

■ ^ 96 
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This^-would also apply to industrial wastes which were all In'solu- ' 

tion/form. • ' \ '* » ' 

because of work load, the need for expediency, and the limited 
scope* of most surveys the section generally does not collect flw- 
pr;)portional samples. Approximately 5 percent of the sampling 
stations the'sectiort survey J^ave weirs or flumes equipped with 
flow totalizers which are in proper working order suitable for 
manual compositing of flow-proportional samples. Most of these 
totalizers are located at the^facility influent.. About 40 percent 
of the stations have only, a weir or flume and 50 percent have no ^ 
measurement device of any sort.' It is extremely rare' to find a 
facility with suitable flow-measurement devices on both influent 
artif effluent stations. ^ ^ * ^ 

Most of the flow-proportional sampling efforts of the section 
are confined to data gathering for enforcement activities, in-deptl;^ 
evaluations of new and existing, treatment facilities', and investi- 
-gations of industrial processes where mass baVances are df critical 

importance. , , • 

ft 

It sh<xuld^lso be pointed ^wt^that manual f}^ compositing of 
discrete grab samples, whether collected with an automat+c sampler 
or manually, inth)duces another possible source of error ^nd 
requires, rr.ore time 6f the Jirofessional in the field. Sources of 
error would include:* (a) not ^haking^ the discrete sample prior to 
compositing, (b) miscalculation of correct sample volumes as a 
result Qf having to use a slide rule or electronic calculator to 



determine discharge rates froi/ eJ<ponentia1 functions based on head 
= measurements, and (c)*misreading of graduated cylinders. It would 
appear; that those automatic collection devices which' collect flow- . 
proportional aliquots and composite them in a^ single container 
would be most effective' in eliminating this source of err(yr, 

5. SAMPLING METHODOLOGY ' . • . 

. ■ - / • 

Data- from grab samples collected during the comparisok. studies • 

showed wide fluctuations in wastewater strength over a 24-hr period. 

The Richards-Gebaur study res.u1fed in NFS coefficients of variation 

which ranged from 44 to 60 percent- on the raw waste, 30 to 41 per- 

cent on thejfr^'mary effluent, and 15 to 32 percent on the final 

effluent. Based upon collection of one grab sarrfpler per day Tor 

three daysi it* was shown th^t the apparent solids r-emoval effi- 

ciency of the Richards -Gebaur facility ranged from -103 to +70 

percent dependi ng ^pon sample collection time. Comparing six. grab 

s^ples'per day with 24-hr manual flow composites for one, two, ^ 

and three days, it was shown that mean grab sample effictencies ^ 

differed from the mean manual composite efficiencie$ by 10, 3, and ) 

5 pertent^, respectively. ' . 

The r^ grab s'ajrnple data from the Kansaf City, Kansas, Kaw 

Point sewage treatment plant investigation o-f April IS to 18, 1973,- 

resulted in. a COD-standard deviation o^ *545- mg/1 and a. coefficient^ 

of variation of 30 percent. ' R«*ioval efficiencies of this facility- 

calculated on the basis of two grab samples were in some instances 

only a third of the efficienciest obtained with composite sample 

data. ' 98 



These variati<)ns emphasize the v-^.portance of'an adequate 
sampling program ^md appropr^te equ i [}ment . 'a po}l of LPA, Surveil 
l^ice and Analysis staff -'members around , the country' res'ul ted in a • 
general concurrence that for noniially variable domestic wastewaters 
a minimum of 3 evenly-spaced grab samples collected over a 2^-nr 
penpd, repeated For ^ rmnimum o^ 3 wk days, 11 result in a fair 
estimate .of water chemistry characteristics. 

It, is the opinion of .the Field Inv/estigations Section thut-, 
either time o^ fl ow-proportio*nal samp:^ing should be used in routine 
surveys* and monitoring of municipal treatment plants uqless those 
variations which occur throughout the day are of interest. Analy- 
ses of an adequate number of discrete grab samples to characterize 
wastewaters and plant efficienQies is an iriord'inate drain of labo- 
rat(w^resources and is not ecpnomi cal ly<fusti fi ed. The use of 
automatic compositors can easily be offset by savings in analyses 
costs. ^ ^ • ■ • 

The section confines most of its grab sampling efforts 'tch ' 
special studies and -enforcement activit/es. Bebus^ of the' strict 
chain of cus-t/idy. proceduws whic^ can be exercised with manually* 
col'lected grab samples, they^ are often •u^ed'^to support those data' 
-resulting from use of unattended composito>-s. . ■ '• 

•Considerable judgement is rec^uired^or industrial wastewater 
flows which /ary widely in cbm/os i tion a,n«f volume throughout the 

workl'day. Initial surveys gf industrial wastewatei^s should be 

' • • ■ 

C5rne^ onl> aftera thorough. .jnd^rsT^ndi r.g ofp'id. t processes. 

' . • , » ; , * ■ ( • 

Surveys should- in«lude 24-hr-a-day coRWosite sampLin-g for a period 
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f .5 ijys, including the ndrmal second sfiift Friday cleanup perjqd. 
For max information of was4;eWatfer quality and variability, U is, 
frequently 'a good idea to install *tw9 compositors - one wUft dis- 
Crete sample jars an^ on an hr cycle to provide for a flew propor- 

, tional composite and. also individual hourly^ S-ample^ for analysis.^ 
A second compos^'tor tal^fng -smal 1 al iquots at more frequent intervaTs^ 
(lO^to 15 min) can be used to obtaih a sacond comp^osite sample 
which should '.contain portions of all of the bate* discharges' of 
short dufdition. . Comparison of analyses from^he two composites 
should^give a good inaicatlon of whether or ^pt sampling at a 1-hr 
frequency' is adequate. There are several varieties of discrete 
bottle composKors now on-the market with a'multiplex capability 

'which provides 'for frequent samples^ to be composited tn each of the 
hourly sample- j^^s negating the need for a second sampiler. 
6. THE IDEAL AUTOMATIC SAMPLER ' 

Manufacturers of samplers have yet to prodqce a unit which 
will meet all the sampling requirements and the physical site 

' conditions encoufttered by the Fie'ld Investigations Section. 
Development of such a unit would greatly simplify, the logistical . 
problemS\of providing an adequate stock of spare replacefnent parts 
'arfd wou^d save that tiim now spent in becoming familiar with th^ V 

^ operation and repair of a large variety of samplers. ^ ♦ 
As a result af field experience and sampler perfo^rmance com- 
pa^rison studies,* the. section has^developed' a list o'f the f-eatures 



"'^ ^CiV Che ^lae^iM " 



sampler wpuld incorporate. 
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}. Capaoility fgr AC/DC operation wi td adequate ' dry 
baiter; energy storage far 120-hr oppr'ation at ' 
~j-hr sampling interval?. " • 

\ 2. Sai table for suspension in a standard manhole and 

still provide access for- inspection and sairplt 
. rem6va] . 

3. Total weight including batteries under 18 kg 

(40- lb-). • ^ • 

. 4. Sample collection interval adjustable f^-pm 1^- 

mih to,4 hr. # . ' ' .. 

5. Capability for fjow-proportlonal and time-composite 
samples. 

i ■ ' 

■ ■ ' n 

6. Capable of collecting a single 9. 5-1* (2. 5-gal ) 
sample and/or collecting 500-ml (0. 13-gal )" discrete 
samples in a minimum of 24 containers . 

\. 

7. Capability "for Ttiul tip! extng repeated aliquots into 
discrete bottles. 

8. One fntake hose with, a minim'um ID of 0.64 cm (0.25 
in.), and a weighted streamlined intake screen which 
wil> prevent accumulation of solids"; 

9. Intake hoseMiquid velocity adjustable from 0.-61 
to 3 m/sec (2.0 to 10 fps) with dial setting. 

10. Minimum "lift" of 6.1 m (20 ft). 

^ 11. Explosion proof. . ' 

' • '12-. Watertigh't exterior case to prptect. tomponents in 

' • the event of>ain,or submersion. 

. - . ' 13. Exterior case' capable of being locked and With -lugs * 
for attaching steel cable to prevent tamperitig and', 
provide some security. 

,14. No^'.tnetal paris in contact with waste source or ' 
' ' , samples. ' " ^ 

15.. 'An integral sample coni&iner compartment capable ' 
. of maintaining sampleS^'t 4 to 6°C for a peri'oti- of ■ 
2n,hr at ambient tempera.tures up to SS^C. 
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16. .With the exception of the intake hos,e,- capc^ble of ' 
■ operating 'in- a/, temperature range between -10 to 

. ^ 40^C., * * ■ ' ' • 

17. Purge cycle befofe and after each cqTlection inter- 
val and sending mechanism to' purge -in event of 
plugging during sample collection and then collect - '• 

r '•compl'ete sartiple. .' 

18. Capable of being repaired >n the field. * " 

1- 

): THE ROFESSIONAL 'IN THE FIELD 

The data has shojvn .many sources of data variability and . 
emphasizes 'the jmportance of having a professional in the f.ield to 
se-le(;t sampling locations , equipment, and methodology. It is \ 

'''obvious that those individuals responsible for surveys and sample.^ 
collection activities can u^ ariV of the generally accepted samr v 

-plijig techniques and equipment and still intentional ]y or uninten- 
tionally manipulate apparent'was tewater chemistry characteristics^ 
.and facility removal efficiencies. 

, The practice of using low-paid, unsupervised- personnel to 
collects samples for analysis by highly-paid professional chemists 
is a misappropriatioh of technical -and economic resources which 
can only result in unrepresentative data.* 

It is little wonder that there are so many disagreements' among 

"various responsible Federal, state, city, and individual groups . 

regarding water themistry -characteristics ai,d facility performance. 

When vari actions in sampl ing 'methodology and^ laboratory systemati'c 

and rarvdcm errors are further compounded bjj errors in flow 

measurements, differences can become, astronomical . Without an - 

adequ^^.e monitoring prografn .and tight controls on sampling 
• * 
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techniquesv equipment, and laboratory /procedures , data in^erpma 
'tion can be r^iluced to little more than an exercise in futility. 



V. HYDRAULIC MEASllREMENTy' /.' '' 

Calculation of loadings, effluent li'mit^tton quantities, a<^d 

' ,' . - \ 

flow-proporti^al sampling require, hydra^ic measurements. The 

, ' • >• * . • - ' 

need for accurate rate measurements is just as great, if not' ' 

' - ^ • • / ■ 

greater than the need for good .representative wa^er chemistry data. 

Ideally, the profes^sional in the field surveying a wastewater system 
strives to develop a materials mass balance using the combination 
of flow rate ^nd parameter "Concentration. Because- o.f biological * 
activity, errors , -in flo^ measurements , sampling methods, -and labo-^ 
ratory analytical ran;fom errors, a 'mass balanc§ is seldom achieved , 
in practice. ' ^ * ' 
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Because pf the variety of sampl ing, station configurations 
• . f 

encountered, and the essentially empiri caf rvature ofmost measurement 
tercfiniques, fl^ow rate accuracy reftai.ris as orte of,the weakest aspects 
of the field suryey-. ' ', 

The Fi fid Investigations Section has no special expertise in 
the area of hydrawUcs and a detailed discussion of the subject is 
beyond the ^cope of this report and would b6 presun^ous and redun- 
dant 1n; light of the number of Excellent references {4., '5, 6, 7, 8, 
9) avail abTBv^Personnel. responsible for^flow measurement data 

1 

would be well advised to obtain and study, the first four of these ' 
references, particularly (4) which discusses. most of those methods ' 
Mkely to be of use in the fiel'd. ^ 
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Th.is chapter repprts^ese methods and equip4nt .which ,ttie 
■ / -* • ' • ' *^ ■ • 

Field.Investigations Section haS used ,in its surveys and indicates 

'those factors wh'ich can result in significant errar. 
AT^ -weirs', flumes, AND RECORDING EQUI WENT 

1/ weirs: ' , • . 

Approximately 50 percent of those sampliijg stations surveyed 
•by the section have n9 flow measurement device of any sort and it 
is frequerrtly necessary for the section to make temporary instalja- 
tions of equipment. Weirs can be , pi a^^^^f^eT^ vely quickly and^ are 
generally used at those^sites requiring discharge meas~^rements . ' 

Weirs commonly instal led by. section personnel or encountered 
at wastewater tredtmer^i facilities have included: (a) 90° V-notch, 
(b) 60° V-notch^ (c) contracted rectangular, (dl suppressed rec-. 
tangular, and (e) Cfpolletti". The following necessary conditions 
are reported (4, p., 12-13) for setting weirs and getting accurate 
discharge rate measurements: ' 



a. The upstream face of 'the butkhead should be smooth 
and in a vertical' plane perpendicular to the axis 
Ivf the channel . * • / 

b. The upstream face of the weir plate,should be smooth, 
straight, and. flush, with the ups-tream face of the 
bylkhead. 

^ ' . 

c. .The Entire crest should be a leveiri^M surface ' 
.which forms a sharp, right-angled edge The re it 
intersect* the tipstream fa*te. The thi'ckness of " ■ 
th^crest, measured^in the direction of flow; should 
be between 1 .to 2 mm (0.03 to 0.08 in.). -Both side 
edges of cectangular weirs should be .truly vertical • 
^nd of the same- thickness as, the frest.; 

• ' ; 1 

I 
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* d. Th'e j/pstr^^\T corners of the natch mcist be sharp. 
^ Thipy shaa^'^d be mac/n'neti or filed perpendicular to 
the.upstrean face, free of burrs or scratches, and 
^ not smoothed off with abrasive cloth or paper. Knife 
^ edges should be avoided because they are difficult 
to maintain . r ' . ♦ . ^ . 

e.. Thti downstream edges. o"f the notch should feMB'-r^Vieved 
by chamfering if the plate is -thicker than the 
prescribed crest width. This chamfer should be at 
an angle of 45 deg or more to the surface of" the 
crest. , .! ' ^ 

f/ The distance of the crest from the bottom of the 
approach channel (weir pool) should preferably' be 
not less thar, -twice the depth of water above the 
cresi and in no case less than 0.30& m (1 ft). 

^\ 

g. The distance, from the sides of the weir tcj^e sides 
of the approath-. channel should preferably , be no less 
than twice the depth of water above the erest and 
never less than 0.305 m (1 ft). ' ^ ^ 

h. The overflow sheet (nappe) should touch only the 
upstream edges of the crest and sides. * 

1., Air should circulate freely both under and on the 
sides of the nappe. ' , ^ ^ 
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he measurement of^head on the weir should be taken ■ 
H ' as the. difference .in ele^vation betwean the crest and 
the water surface at a point ujwtream from the weir 
a'distat)ce of four times. the max head on the, crest. 

k. The cross-sectional area of the approach channel 
should be at least eight ti (pes that of the overflow 
sheet at the -crest for a distance upstream- frdm 
fifteen to twenty times th6 depth^pf the.sh^et. ' 

It is probably safe to say that th"e Field- Investigations ■ 

Section bas never encountered a weTr instaHation'whKh met all of 

tne preceding requirements. Weir crests are- not chamfered, are 

. - . * ^ 

covered witti-debris -and biological growth, are- not flush with ^ 

bLlk^vec!d plates, and are too close to bottom and sides of approach 

channel, .^plocities of approach (Va) are too hign.as a result of 
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/tfie wei** pool being underdeSign'e'i^'fi .^t)^t w'itb %r as' a. result of 
deposition o-f sol-ids. ..;A>Va betweeii 0'.3&5 and 0.61 ni/sec (1 to 2 ' 



fps) tan fesult in a, ^fsc|fa/g^. r-^tj '^iMfor. rangltig ^^^^ -10 to '-TS 
percent. If wsir paol V^'a're sign'fTicant, they should be measured ' 
with a" current meter*' or estimated--v^i th flqats (if nothing else i'^ 
availa«le) and corrected for (4; J3. 25-26>. « 

Some observe J, iveir deficiencies can be corrected; however, 
from -a practixal standpoint -a loss^pf accuracy must be expected as 
it is seldom feasible- to optimize all installation requirements. 
Even at those locations at which the|l|jtion -installs equipment, 
site condi^ons Such as limited space', f^draulic^ead, "and concYe'te 
abutment structures im|m5e investigative restraints- which are a 
compromiae betwean fime, economics, and .data requirements.;' 
2. FLUMES ■ ' . 

The Parshall flume is one of the most common types of flow 
measurement devices installed at wastew^'er treatme/it facilities ' 
. and is preferred begause: '(«} it can^gjjWflte with- jelatively smal 1 
losses of head, (b) it is, reTafi vely insehsitive to vel.ogity of 
approach, (c) if-properly installed, -it wil'l give good jneasurements 
Nsver a wide-range of downs treamj s ubme^gen ce ,* and (dj'flow velocities 
are Suf1;iciently high to elimihate solids deposition. 

Because of^j:he-timG required td properl>> install these devices, 
the section has nof?et Parshal) flumes'at any. survey sites and 




T ^ .Experience has .been -ton ^ined- to those flumes encountered at waste- 
• '■ water treatment- faci 1 i ties. 

Prior, to* taking Water measurement dafaj a -Parshall /I ume. should 

. '. \ \ 

* be dieckeito see that: (a) Tortgitudtnal and lateral axes of crest* 
' , » .floejnare level, (b) side walls are parallel and throat^dimensions 
clpse to desigrf tolerances , (c) approacifi 'flows are uni/ 
tributed'in the upstream convergence section, (d) hea^-rfieasur 
devices (if installed) at correct locatipo, and-{e} flow variatidps 
' are wit+iin the range for which the flume is accurate/ 
.3. FLOW RECORDING equipment'" " ' ' 
a. FACILITY RECORDERS . ' • 

'i r ' ' ' ^ 

L • - r • ' * , 

About 25 percent 9f those facili-ties which have weirs. or flumes 
dlso have, continuous fl oW- jt^ecording equipment, ^proximately, hal f 
of'these instal lations>Wve recorders hi dh are in 'proper: working' 
order. • ' ^ . - - ' . 

Soi^rces of meas&rement error with refitording equipment Aire 

common- to both wei^s and' flumes arfl include: , , - l 

(1) Stilling well in wrong location with respect to 
weir or flume crest. ^ 

; ' . "(2) Trast^ and debrisMn stilli^ng well and^conduit' 

between fftme and well plugged. ' • 

* (3).* -Float dirty, punctured, hot vertical,, and rubbing 
against side of stilling well. Slack in float 
' V ' . cable. . . ' ' 

• . ' ^ t t ^ ' * " * . \ ' * . - ^ 

(4i y/rong- r^dorder multiplier and chart ^paper.' Pen not 
' ,^ ' • ' inked ailfl not giving responsive trace. Recorder 

„ ^oes Miot'z^ro. An err^or in calibration of* J. 5. cm 
• ^ (0.-60 ^n.) ca.n cause an error in rate me-isiA^Tient ' 
ran^jjng to several handred percent at lev. depths • 
• -small weirs and twenty to ^irty percent for 

ejIc" •. ; . " 108 . . • ■ • :• , 



• "^oderne depths- 1n flumes with throat width? ^undtr 
. ". ^ ' 30.5 cm, (12,1 nV). - •" - ' . ' • 

"^'**t ^''''•'^'^"3 ^^"^ ^.^"^ ^^"^ P^«"^ recorders, the Instrimn- 
. taSoh should-be manutljy Recked hy taking an -instantaneous head' 
, reasurement'with a staff gage, or rule, calculating'a discharge 
r^te^ and ch^ekin^ this rate fgainst the recorder. 

b. PORTABLE RECORDERS ' . ; 

. . ' i ' ' '■ 

(1) BELFORT LIQUID LEVEL 'RECORDER 

. Jhe Section has thre^^Bel fort Portable LicjMid Level Recorders 

which have been in use for four or five yr. Theje- r^cordere are 

" relatively rugged and extremely reliable when' properly installed. 

Th? units have many, pt^i-tiva features which include the following: 

(a) Fairly inexpensive at approximately $320 each. 

. (b) Accurate and, Jasily read head measurements over a 

limitless ra^ge of y^ater levels because the pin * ^ 
traverses upjifwi 'down over the fall width of the 
chart as wa^lt- levels rise or fall. 

(c) Option^rr^rding times available from six hours 
to eight c%s per chart revolution. 

... # ' - ■ • 

' ' ^"^^ "«chanically simple. and in most cases ' 

can .be r^aired in the field. • 

^ The primary |sadvantage of the Bel fort Recorder is related to 
^^4t«tanation. Tp^>^it requires a stilling well for a flo^t and 
' must be. mountef level. One Can .easily spend an entire ^ay in con- 
struction and installrftion of stilling well and mounting -pi a tfoiji, 
and calibratibr? of- recorder. The min diam of the stilling well 
(dependent uppp'float) is about 10 cm (4 in.). ,This well offers an 

/; _ _ ^ - - - - ^ ^ 

* S?rIp"t^'L\??iJ!!^- Company. 1600 South Clinton ~ 

^ street, Ba>t1more, Maryland 21224 
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oLstructic'r ;,o flovv and, consequently, the unit cannot b€ used for 
small channe-ls or in h'l^h velocjty channels carrying large amounts 
oi debris. The' instrument is alnost .impossible to install in mart- 
o holes. ■ ^ 
(2) MANNING DIPPER RECORDER ■ 

The Manning Dipper .Recorder* senses and, records water levels" 
by means of a weighted electrical- probe on the end of a thin metal 
cable- which extends from the bottom of the. recorder. The probe 
follows the siirface of the water and merely swings aside when hit 
by debris., 

^ % ^ * . 

The primary ad^ntages of this instrument are an adaptability 

lo an almost limitless variety of s-ite configurations and Its ease 
of installation.- At. most location-s the unit can be installed and 
calibrated in ftfteen^to twenty mjn. The adjustable bracket • 
included with the unit makes it particularly suited for manhole 
installations where it can be installed up to 7.6 m** (25 ft) above 
the water surface. Since the unit operates on a 6-v battery**.*, 
manhole installation provides, good equipment security as all com- 
ponents are below street^rade and manhole covers -are rep-laced. 

The disadvantages of this unit include: (a) cost, units ar»e' 
about $835- each, (b) limited recorder range with respect to changes 
I'n water level, (c) accuracy,- recorder chart tannot be rea<f 



Mode'T i*70ai^ Manning End ronm'ental Corporation ' "i 12 pakota 
Street, Santa Cm^^ Cal i Torn i a 95060 

** Longer cables are available • • •* • 

***.Eveready. Hot Shot #1461 „^Ray-0'Vac #641 . or equivalent " ^ 

' ' . ' ■ ko 
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vio'ser than l.?? cm (0.5 \\\.)\ and (d) units .are fairly* sophisti - 
■ ca^d electronically and gen^all^ cannot be repaired in the field, 
c. DISCHARGE CALCULATIONS . ' . " 

It should be 'pointed out th^. many portable recorders, includ-' 
*ing the Belfort and Manning units discussed previously, retord 
Water level on.ly and do not have' arTin-ternal integrating mechanism 
for total! zing- flows. With Parshall "flumes and most wej^r^ ffow 
^are is a nonlinear function of headland riust efther be detennined 
from published tabulation^ '(4) or 'cakulatecj with the different 
exptnential formulas reported fdr various flumes and weirs. Since 
many tabulations do not cover every varj^ty of flow. measurement 
device, it is f-^equently n^cessar^ t^jnaL these calculations in the 
field when flow proportioning sampijes. Although any good slide 
rule 'Is suitable, for these calculations, they are slowi introduce a 
grfeater probability of error, aiS are definitely not "technician 
•proof." To reduce time and itrc^^iiSft-accuracy, it Is recorimended 
'that the individual have a ^^^Jji -electronic calculator* with an 

^exponential function key ^ ,^#^of his field equipment. 

W0 " -■ . ' 

B. .WET WELL VOLUME OlSPk^^^ • . • 

Wastewaters are of^^^ol lected in 'a wet well prior to irttro- '■ 
'ductlon to a treatmentj^tem. In the absen|e of flow measurement 
devices, these we.1.1 s,^'-be used^ to obtain rate'measurements by 



* 5^^^^" PackarMde^ or 45-, Texas' Instruments f^odel SR-50, 

.Sharp PC-1 801,' equivalent • ' ' 

Ill i 
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using the cross-sectional area of /he well and thg frequency t)f 
"pump down" which can be established with the Bel fort or Man/itng 
uni ts . \ V . ' 



C. FlOA RATES IN PIPES 

1. VOLUIJIETRIC MEASUREMENT/' 

On small discharges , /the section frequently uses a container 

of known capacity and ^ stopwatch to determine instantaneous flow 

' / 

rates. With the plasttyc^ampVing buckets nor^mally- used by the 

/ * * ' 

section, discharge rat^e^ are limited to a maximum of about 76 l/ndn 
(20 gprn). 

2. PIPE WEfRS •' V . ■ , ■ 

^tlhe section has' three sets of V-notth*" weirs*, designed for 
pipe installation, which'were purchased at af cost of* approximately 
$350 each. The weir is of a cleSr plastic material calfbrarted in 
gpcT and is mounted in a. semicircular aluminunt frame which has a 
rubber gasket around the outside to insure a gobd pipe fit. Proper 
installation of the weir is aided by a bubble leve^l attached to the 
frame. The weirs are held in place by ex'tended rods which are 
slipped into a sci^w thread a^ socket 'and. forced up against the' 
crowrt of the^^pipe. 

Maximum^weir flow rates ^with 15.2-^ 20. 3-, ^.4-, 30.5-, an'cl - 
38.1-rm (6-, 8-, 10-, 12-, anvl 15-in.) diam pipes are 143; 244; 5 
1,071^; and 2,951 cu m/day (10,000; 17,000; 40,900; 74,750, and 




* N/B, Products^, 35 Beulah Poad. New Britain, Pa. 
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206,000 gp^), respectively.^ The se^.-also has six adap'tor >1 ates' 
which 'the weirs can set into in order to fit them' to laVger size 
pipes. These adaptor plates do not increase the weir capacities. * 

• ATthough these weirs provide a quick method' for getting 
instantaneous flow rates, the likelihood of error is appreciable 
since variations in approach velocities cannot l)e corrected for. 
In addition, max wei rr^apaci ties are much lower th^n max. pipe 
capacities since the weir and fr;ame obstruct a significant part of 
the cross-sectional area of the-pipe. ^ . ^ 

3. TRAJECTORY METHODS 

a. ' CALIFORNIA PIPE METHOD , • . ' " ^ 

The "Water Measurement ManuaT" st^es four essential require- 
ipents' for this rtJethod: (V) discharge pipe must be level, (2) it^ 
must di s charge^ pa rti'a fly full, (3) it must discharge freelj^ into 
^i.r, and (4) th.e velocity of approach mUst be a min. Di|fhar9e 
-pate^ are coiiHJUted^H^wr^^ formula: \ - ^ 

: " Q = 8.69 Cl. - f)l-88d2:48 ^ 

^ " / where: Q =''discharge rate, cfs 

a = distance measured in the^plape at the 
end of bie pipe, from the top of the 
^ * ^ ^ '1^ inside -surface of the pipe tq the water 
^ ' ^ ^ ^ surface,' ft 

a = interna] diam of , the pipe, ft* 



This formula was deyel^oped from experimental data for p^pes 

Jiam and tests nave shown* 
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7.62 to 25v4 cm (3. to -tdnn,-) iji diam and tests nave shown. that the 
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/oafcl'a^,does not holijxp at-an^ a/d, ratio of less than' 0.5 (4 /p'. 
t97). ^This. formula should not be used wi J^or ruga tejl metal plpi^; 
•b. PURDUE METHOft * . r ' 

. -^is -is a-pKjre general .fom of the.traje'abry-rflethod.wtifch* can 
. ■ be^sed.with pipes flowing 'full artd with high .v61ocl't1esr Basically 
the n^thpd consists of. nieasuring the-horizbntal (X). and Vertical (Y) 
coordinaterof-.the;athof,a^j;rofv^^^^^^ 

• * The reader is. referred.t^.,the -"Wa^ieV Ltilreri^nX mJ^U/^^ 200.' 

• ^-203) for a description of tU^ ;rneth6d.and.f^r'^VapM^^ / : 
. chargte rates of ^ifferervt size; pipes".^'"^ 'fun^ian^of the- )( '^nd y'. ' . 

coordinates.. • ' -^^ ' ' .V-^* . . ''.'V \^ 

. 4. , .ORirjCE BUCKET : ^r:?. - ^ ' , -V 

• As of this* writing. >^ %^d^t"v.e?ti^a^ion3:;Wtion^^^^^ 
experience with the orifice -bucket anS Is "pfe^entiy Wluatfni .aV'> " 
. dev1.ce 1n the laboratpry-./.^^as-t^l f^.t^e^L rro*hin^-^"re ^k^'/ 
' ^a sturdy. 18.^-1- (5-ga.1) enlarge; :c,n-w(th a:nu,i.e;,,^^ 

pe^ed holes in t^e^bc^ttom arid ^^t^^' ^^t^t^i^i^^ ^ 
the outside- foV reading water 'v^ve>s .-^ ^ .screen or'. 'dispersion** " 
devite^of.some sort sXduJd," be 'mounted In^thV'Ld^^t ^to >duce>/ " • " • 
' direct veloeity i"iP>hgement>on\the •o.Hmes:'^BHpr:^^ use " /. ' 

• the-devlc^^st.be caHbYated'ln-.the Taboraipry >y '^n,i,.,ing^one 'of 
•,the ri^bber stoppers a^d determining the f>ow rate t),rdu>. the . ' ' 

' orifice at different constant heads^Uh a knoJn, liable «ater' " ', 
/ ''^^ laboratory data a rating curve is' develppe'd for ' 

. 'th^ Bucket^howing gpm" versvjy^d for one orific^! If hole size ' 



tolerances are c^ref^illy controlled, ifvs not necessary tO develop 

a ratilig curve" for two or more ori fii:es open% as flew rate through 
' ^ » i ' • ;% • ^ ^ 

each orifice wtlf be the same and equal to that rate determined for' 

one orifice. Consequently, in the field larger discharge rates ^are 

» * * 
determined by multiplying tUe rate for one hole by the number of 

holes open. Since it is necessary to h-ave.a constant head in the 

bucket, thi'^device is (jbviously not suitable for those discbarges 

with rapid Vluctuations in volume.' Additional intoj^ation eati be ^ 

found in (10, p. 30) and '(11). • . 

5. - BANNING 'FORHULA ^ . • * \ 

Discharge rates can .also be calculated by^dete^n1^1ng the 

cross-sectional area of^lthe flow and the average veT^ci'ty in the 

. cross^ction. With circular "conduits the section frequently uses 

the Manning formula to esffmate velocity. # ^ 

» ' 

. . V = 1-486 r2/3sl/2 ' . • 

^ n * ' - . ' * ' • 

•r ' ' ' • 

where: -V = average veloaity, fps " 

» r = hydraulic radius, a/p , ' ^ 

J " a * area of ch)ss section ^of stream, sq ft • 

p = wette^d i)erj meter of "pipe, ft 

s = 'Slope, ft per 100 ft • ^ 



N , n * roughoess factor . • ' ' ^ 

The roughness factors for various pIpiB materials can be found 
• * 

In hydraulic reference and text books (12, 13).- , \ . , 
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Flow rates for pipes 0,152^ to 1.22 m (6 to 48 in.) in dtam al 
•Various depths flow and, slopes are available^in tabulated forro 
(6) and are relatively inexpensive. 

In the field, section 4)ersonnel use a carpenters square witti: 
an att^ac-hed, po!l|||^ize, inclinometer* to measure pipe slopes. If 
one is working at t^e open end of a pipe, the depth of flow should 
be measured as fajr up in the pipe as poss1t)le,. otherwise errors due 
to drawdown will be introduced into the discharge calculatioa. If 

* 0 

one' is Interested in a number of measurements and is not certain 
about a roughness factor (n), it is frequently possible to gage 
pipe discharges- at a downstream points in an .open channel and then 
solve the Manning Formula for n. 

\. FLOWMETER , " , ^ 

. . The. section-has also used a number of different velocity _ , 
meters to» determine pipe flow rates. One such meter Is a digital 
flow** device With a buil t-in counter that counts^ the revolutions 
of a propeller,^ \^OGlties are' determined from a rating curve 
suppli^ with the instrument^/ ' This is ^a rugged instrument which is 
npt sensitive to low velocities and is, therefoi7e, Jbest Suited, to 
chose high velocity flows which might damage other types of meters. 

At, times the section has a»lso. used Price type current meters 
to determine pipe velocities. These meters should be us6d-with 

Keuffel and Esser Company, New- York - 

** tugital- Flowmeter, Model 2030, General Oceanics, Inc., 5535 
Nbrthwest Seventh 'Avenue,, Miami, Flpri^a 33127 

116 



•102 



:auti^ since \th(ey are quite sensitive and subject tc da'Mage -u* 
\ n - 

high velocity, \tuVbulent flows'. • . ' 

^ '\ . * 

\ \\ 

0. , OPEN CHANNEL ™w 

1. STREAM GAGING 

\ \\ 

In Us field a«ivities th^ section also does ^'significant 
amount of stream gagiN^^VatOocations where receiving^ water quality 
is of interest. Bas1c\items of equipment required for stream 
gagirrg include: (a) cun^ent meter, (b) wading^rod, (c) sd\ind box 



or earphones to indicate m^ter revolutions, (d) stopwatch, (e) tag 
line, and (f) small clipboaV^d ^nd discharge measurement fprmsA 
Meters, wadtrig rods, ear^hone^, and tag lines are available from a 
nunter of suppliers*. It I's recommended that one purchase equip- 
ment from a single manufacturer, components are not always 
Interchangeable. The discharge measurement forms** used by the 
section are printed on a rubberized paper and are supplied by the . 
General Services Administration (Fonn No. 7-EPA-5300-1) . 

As of this writing, the section has i^lied upon the Price type 
current meter (both standard and pygmy) for stream gaging. In the 
near future, the section- wi.lT. also have the .OU meter available- 
The^t meter is of advantage in some situations where vertical 
velocity gradients are a problem. ' 



Weather Measure Corporation, P. 0". Box 41257, Sacramento, 
California 95841 - KahUico Scientific Corporation-, P. 0 Box" 
1166, El Cajon, California 92022 - EPIC, Inc., '150 Nassau 
Street, New York, New Yor\( 10038 

** The Field Investigations Section will furnish, one copy of this 
form for examination or dupl icatij)ij^ 
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. BQ*h of t'-ese ,neters are precision itrstruments ancj should be 
.treated accordingly. The Price type meters are especially sensitive 
to worn pivots and errors in velocity measuremefrt of 20 pencent of 
flov, under C.IG m/sec .;o.5 fps) are contnon with worn p1vots\ b*rit ^ 
cups, aqg^solids under the cup and bushing. When using a- current 
meter with a questionable pivot pin or old rating, it is bettfer lb. * 
look for a site with velocities of about 0.30 m/sec (TVps) or 
tetter as errors due to inertia of the meter will be minimiied. • 
Regular oils should not be used'on these meters during winter 
weather as the increase in viscosity can seriously affect tfe 
accuracy of rate meastjrement. The silicone type lubricants are 
not affected by changes in temperature. . 

Although there are a number of types of wad^Tng rods avallableT ^ 
the section uses the USGS type top-se*ttlng rod. These rods are ' 
made under contract for the USGS and sources change from year to 
year. Within tlb^Regioh», current information on these rods would 
be available "from the USGS Water. Resources Division. •Rolla, ' 

* * , 

Missouri. It is understood that this division mu$t endorse orders 
for this rod. 

Th6 section has received some requests for information *con- 

cernin^ meter calibration. Manufacture!^ no longer supply current 

meters which have been calibrated by the National Bureau jof \ 

* v. 

Standards and the section relies upon thos^ rating tables furnished 
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-with each' mete^ If desired, the bureau* will calibrtte meters. 
^In 1972 the cost for calibration to government and private' agencies 
was $116 per meter. ^ ^ 

2. ELECTROMAGNETIt WATER CURRENT METER 

The section has one of these units** which -has received rather 
limited use in the past two yr. This is a battery-operated, port- 
able instrument wh.ich gives 'a direct meter readout in fps of X and 
Y velocity components. The velocity sensing probe is all magnetic, 
has no^ moving parts and \i an integral part of a 1 .3-cm (0*5-in.) 
dtain cable leading from the meter. This cable, with attached probe, 
can be purchased in desired lengths! The meter has^a recorder 
output terminal . 

This unit has been used, pn:j|,marily^ in pipes with, high velocity 
dischargeis and in small opin channels. Although the unit is port- 
able, it is rather heavy and not suited to a one-man operation for 
gaging streams-. Since velocity "readout is affected by 'probe orien- 
tation, the probe. must either be held by hand or fixed on a rigid • 
rod when taking measurements. The price ($2,500) and complexity of 
this unit Inhibits rougH handling on any service in the field. 

A trial run of this jspstrunent (%et Section E) Mhen it was 
first received resulted fo'meter fluctuations^ of 0.7- f^ at a full 



* 



(Correspondence O^ly) National Bureau of Standards, Hydraulics 
. Section, Washington, D.c; 20234 - (Meters should be sent to) 
National Bureau of Standards, Hydraulics Section. Route 705, 
Quincy Orchard Road. Gaithersburg. Md. 20760 

^iLlll' ^"^^ ^^53 Metropolitan Avenue, 

Kensington, Md. 20795 • • ' . 
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scale setting of 1 fps while being held at a s^'ngle position in a 
flowing stream. As a result of this, the meter was returned 'to i,the 
factOT7 and an alternate B.-sec "time cpnstant" was"^ added to dampen 
out meter fluctuation|. With this addition the, instrument has a 
toggle sw^itch to select the standagrd, 1-sec time con^ant* or 
alternate^,5*&ec constant. This addition has greatly Increased the 
usefulness of the instrument. 

t 

• • 1 ♦ 

E. . PRECISION OF THREE MEASUREMENT METHODS 

Soon after the section received the Marsh-McBi mey current 

meter (MMCM) a water course, was sought in which it could be comr 

pared with the Prjce type pygny current meter (PPM). As a result 

of a previous .investigation, the weir pool upcstream of a 61-cm v 

(24-i^.), sharp-crested^ contracted, rectangular weir** was selected. 

With this discharge it.was possibleito get. three independent flow 

rates simultaneously. These three rates were: (1) the rated Wpir 

discharge, (2) the fate resulting from velocity readings and 

the weir pod cross-sectional area (plane parallel to weir bulk- 

« 

heaii), and (3) the rat^ resulting from the PPM velocity readings 
and the pool cross-sectlpnal area. 

The cross section selected was about 2.13 m (J ft) upstream 
from the Weir bulkhea<l, had formed vertical sides 1.83 m (6 ft) 
apart, and was relatively Uhiform in. depth. The ar*1thmet1c mean 

* After positioning probe, user must wait three times the^tlme 
constant before recording a velocity reading 

** Midwest Solvents Company dl^fharge in Atchison, Kansas 



dept^ (2'5 measureqi^nts) was 30.7 cm (I2/I in.j with" max and min - ' 
' depths. being 35.6^ cm -(14.0 in.)., and 26..7 tm {iq.|in.), respectively'; 
Traversing of t+ie cro#s section began 'at llis.hr and ended at 
1535 hr June 31 1972. Using^'bo^+i the M^IM and PPM. which' were 
mounted on essentially identical wading rods.' velocity ineasiirements- 
we.re made at 7.6-an (0.25-fft intervals across the sectton at 
d^p^s of &.I. 1^.2,18.3. and 2^.4 cm (0.2. 0.4. 0.6 and 0.8 ft)'. 

The weir head during the cross sectioning ranged from -1^.9 cm ■ 
(0.62 ft) to^20.4 cm (0.67 ft) and the mean head (8 readlngsi-was 
19.8 cm (6.65 ft). ^ . 

Table XIX. shows the flow data resulting from cross sectioning, 
wl'th each of the.to^o meters. The we'lr discharge rate'and a surrnia- 
tlon of the^ncremental flow rates resul ting. from each meter were'^' 
as follows: 




93.2 -3.29 

Price' Pygny Heter- (PPM) . J 17.2 4.14 

Electromagnetic Current • 

MeteV (MMCH) 98.8 3.49 



- , , 103.1 3.64 t(10 to 14 percent) 

■'These data would indicate that under Ideal circumstances the 
iecWon cannot determine flpK^rates any closer than ±10 percent.' 
It should be polrrled out that tn routine surveys the ^section would 
never take 96 velocity readings In a 1.83-m (6-ft) cro.ss- section 
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TABLE XIX 



SUMMARY- OF FLOW DAFA OBTAINED USINGT A PRICE TYPE PYGMY METER (PPM) 
AND A ;iARSH MCBIRNEY CURRENT METER (MMCM) 



Distance From , . 
Initial Point ft'^' 


0.00 


0 


25 


0 






— 

75 


1.00' 


1.25 


Depth. fiM 


1 


08 


k08 




12 


1.08 * 


1.17 


i.oe 


Area, ft^^^' 


0.27 


0.27 


0. 


28 




0.29' 


0.27 ^ 


Depth From Water 
Surface Of Velocity 
Heasuirement, ftv*^ 






, Velocity, fp$ 






PPM 




PPM 




PPM 


MMQt 


PPK 




PPM 


M4CM 


PPM 


MKM 


n 0 
U. c 

0.4 

u. o 

. 0.8 


0.00 
0.00 
0.00 
0,00 


'0.0 
0.0 
0.0 
0.0* 


0.08 
0.04 
0.07 
0:05 


o.o 

0.0 
0.0 
0.0 * 


o:o6 

0.06 
0.02 
0.t)4 


0.0 
0.0 
0.0 

0.0 


0.23 
0.09 
0.03 
0.02, 


o.zo 

0.00 
0.00 
0.00 


0.17 
0.12 
0,07 
'0.03 


0.15 
0.05 
0.00 
0.05 


0.45 
0.*20 
0.06J 
0.24 


0.20 
0.30 
0.00 
0.00 




0.00 


0,0 


0.06 


0.0 


0.05 


0.(T ' 


0.09 


0.05. 


0.10 


0.04 


0.24 


0.13 


Discharge, cfs^*^) 


0..00 


o.b 


0.016 


p.o 


0.014 


0.0 


0.024 


0.014 


0.029 


0.014 


0.065 


0.027 


Yeloc1t/-«atio PPM/MMCM 








2,0 


2; 


0 


2. 






/ 






















' Distance from . . * 
Initial Point, ft^^' 


'1.50 . 


1.75 ' 


2.00 


2.25 


2. 


50 


* 2.75 


Depth, 'ft(^^ 


1.08 


1.08 


1.00 


"i.oe 


1.00 * 


1.00 " 


Ar^a. ft'"^V 


. 0.27 


0^27 


0.25 


0.25 


0.25 


0.25 


Depth From Water 
Surface Of Velocity 






Velocity^fiw' 


' ' ' I 




Measurement, ft)*) 


PPM 


MMCf! ^ 


^PPM 


MHpi 


PPM 




PW 


mHcm 


• PPM 


MHCM 


PPM 




0.2 , ' 

0.4 ^ 

0.6/ 

0.8 


0.56' 
0,43 
0.22 
0.09 


0.20 
0.40 
0.40 
0.40 


0.74 
0.86 
0.42 
0.16 


0.60 
0.60 
0.50 
0.15 


0.96 
1.11 
0.80 
0.38 


0.70 
0.70 
0.60 
0.20 


1.21 
1.25 
1.06 
0.57 


0.75 
0.85 
0.35 
0.65 ^ 


1^ 

»1 . 24* 
i.09: 
D.80 


1.00< 
-1 J)5 
0^80 
0.65 


1.42 
1.28 
1.11 
0.75 


1.00 
1.10 

0.80 


Mean 


[7.32^ 




J. 54 


0.45 


0?81 


0.55 


).QZ 


0.80 


1.12 


0.90 


1.1# 


0,95 


Dischdjrge, cfs'^^^ 



3.986 


b.094 






0.2^2 


O.UT' 


0.255 


0.200 


0.280 


0.225 




0.237 


Velo^ty Rati^PM/l'JMCM 




1.20 

-•^ -ir^ L 


1.50 • 


1.30 ' 


1.2 


5'. - 




0 



vf«) Multiply by 0.304^ to ibtain m 
^ (b) Multiply *by 0.tf929^ij^a1n sq m 
i^(c) Multiply by 1.7 to Q^Ha3^^.cu m/m1n 
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' ' TABLE XIX (CONTINUED)^ . ' 

SUIf4ARY OF FLOk DATA OBTAINED USING A PRICE TYPE PY'GMY METER (PPM) 
AND A MARSH MCBIRNEY CURRENT METER (J1MCM) 



Distance From . . 
Initial Point, ft^*' 


3.00 


3.25 


3.50 • 


3.75 


4.00 


4\25 


Dfcpth, ft<*) 3 


^ 1.00 - 


0.96 • 


0.96 


0.96 


. 0.96 


0.92 


Ar«a; ft2(b) 


0.25 


0^4 


0.24 


0.24 


0.24 


0.23 


Pepth Fro«*Water 
Surface Of ytlocUy 
NeasurMKn^, ft(>) 


Velocity, fps 


PPM 


mcH 


PPM 


mcH 


PPM 


HHCM 


PPM 


mcH 


PPH 


MNCM 


PPM 




0.2 
' 0.4 
0.6 


1.39 
1.24 

1.08 
0.77 


1.15 
1.05 
0.90 
0.6S 


1.33 
1.20 
1.00 
0.67 


1.15 
1.05, 
0.80 
0.65 


1.30 
1.14 
0.86 
0.28 


1.20 
1.05 
0.90 
0.50 


l\38 
1.25 
1.^6 
0.60 


1.15 
1.05 
0.80 
0.50 


>,;35 ' 

1.22 
0.96 
0.38 


1.20 
1.06 
0.90 
0.15 


1.38 
1.22 

0.20 


1.25 
1.15 
1.00 
0.30 




1.12 


0.9$ 


1.05 


0.90 


0.90 


0.90 


1.07 


0.85 


0.98. 


0.80 


0.95 


0.90 


Olschapge, cf$(c) 


0.280 


0.238' 


0.252 


0.216 


0.216 


0.216 


0.257 


G.204 


0.235 


0J92 


0.218 


0.207 


VcVooty "Ratio ?fm/km 


1.20 


V15 


1.00 


1.25 


1.20 


'l.05 



Olstanc^^rtjm "4\ 
Initia>^ Ppint,' ftrX. 


•4'. 50 - 


4.75 


•5.00 

» — 


5.25 


5.50 


5.75 


Dfepth, ftt^ 


%0.9t ^ 


. 0.92 


0.92 


0.9? < 


0.86 


0.88 




0.23 


* 0,23 


, 0.23 • 


0.23 


8.22 


• 0.22 


u ^ 

Depth Prom Water 
So r face Of V^oclty 
^Measureaent, Tt'*) ^ 










jl^Velocity^ fps 








PPM 




PPM 


MMCM 


PPM 

• 




.PPM 


riMCM 

h 


PPM 


mw 


PPM 


MMCM 


0.2 
^0.4 
0.6 
p. 8 


1.38 
1.21 
1.01 
0.62 


1.25 

l.lp 

0.95 

OiSO 


1.37' 
1.29 
1.07 
0.65 


1.15 
0.96 
0 50 


1.38 
1.30 
1.23 
0.84 


1.30' 
1.20 
1.00 
0.80 


1.12 
1.04 
1.29 
0.81 


1. 00 
0.80 
0.90 
0 55 


0.66 

0)76 
0.80 
0.^6 


0.70 
0.65 
0.75 
0.50 


0*S7 
0.74 
0.65 
0.26 


0.60 
0.60 
0.45 
0.25 


Mean 


1.05 


1.00-. 


1.09 


1.00 


1.17 


1.10 


1.07 


O.W 


0.67 


0.65 


0.56 


0.50 


Olschar^.^cfs^^^ 


0.242 


0.230 


0.251 


0.230 


0.274 


0.f53 


0-246 


0 184 


0.147 


p. 143 


0.123 


0.110 


Velocity Ratio PPM/lftCH 


1.05 


1.10 


.1.10^ 

« 


1.35 

1 


1.05 


1.10 



(a) Hgltlply/by 0.3O4a to obtalii m ' . , , » 

(b) Multiply by 0.0929 .|o obtain s<tm . ' 
'(c) Multiply by 1.7 to obtain cu ni/mi/i. 
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th^t was only 30.7 cm (12.1 fn..) deep. p»^tine Work a tm of 
twelve n«asurements would have been taken. General flow measurement 
precision in routine surveys is probably on the order of .20 tfr 25 
percent. 




' .VI. CONCLUSIONS 

As a result of^experience , sampler comparison studie^, and 

accumulated survey information, the Field Investiaations" Sectio 

has reached the following conclusions : 

, 1. Overan- failure' rate of comntercially available' 
samplers is approximately 16 percent. 

i 

^ 2. Major. cause of sampler mal function is rfue to 
plugging of intake .lines. 

3. Operational reliability of commercial ly available 
samp>er5 varies^significantly and application is a 
major factor in selecting appropriate equipment. 

4. Variations in nc^hfil terable solids concentrations 

• of raw ^^te satisfies as a result of differences in 
sampling tquipm^rrt or collection method are at 

- 'leas't Sr to 24 percent. 

5. Currently avaiTable sampling equipment cannot be 
^ relied upon to produce representative samples, 

6. High vacutim samplers produce more representative 
samples, and should be used on raw municipal waste- 

• ;waters and oth«r wastes with significant levels of 
large heavy suspended material. 



7. Any sampler compatible with site conditions and 
data requirements carf be used to sanple well- 
tr^ated effluents with no visible solids. • 

^6. Flow-proportional sampling of raw municipal waste- 
waters wjth currently available sampling equipment 
, is neith^^cessary nor justified. 

^ 9. Adequate dfTcrete grab sampling programs for 
routine surveys^nd monitoring W municipal 
• wastewaters require an inordinate amount of 
laboratory resources and should be replaced with 
automatic compositing equipment. 

10. Current sa«i^Tihg equipnient and methodologies need 
^ to be refine* to improve data reproducibility and« 
accuracy. 



Apparent wastewater chemistry clidracterisfjcs 
and facility removal' efficiencies can easily be 
manipulated' by choice of sampling equipment and 
methodology. * . 

There is need for development of a synthetic 
suspended Solids waste to evaluate sampler 
performance '-under controlled laboratory condi-, 
tions. ' ^ 

Under ideal conditions the precision of flow 
measurement by section personnel is *10 percen.t. 




• . ' -j^APPENDIX , • ' 

NAMES AND ADDRESSES QF MANUFACTURERS AND* 
SUPPlfERS OF SAMPLERS LISTED IN TABLE I 



Slqmanjbtpr Model WA-^ and WD-2 . * 

Sigmamotor, Inc. 
* 14 Elizabeth Street . . ^ 
Middleport. New York U.105 

Sr^jUford Model EV-1 ,-DU-1 i'and EP-I • / 

Eralliford and ComMny 

Milton Road 

.Rye, New York 10880 - 

• >iflPt« m iff , / . ' 

T*5t1ng Machlfws 

400 Bayvfew Avenue 

. Amltyvflle, New Yorlc ,M701 

ISCO Model. 1 391 and 1 392 . • , 

I/iUnimeritatlfifl- Specialties Ciompany t 
V. P, 0, «o)c 5347. 

. L1ncol>i, Nebraska m05 

$1|rco HKm . \' ' • ' . 

Sirco Controls Con^)dny 

401 Second Avenue West 
Seattle, Washington 98119 

Pro-Tech C6-12SP - 

Pro- Tech, Inc. , 
Roberts Lane ' \ 

Malvern, PfennsylVanla 19355 

QCEC Model CVE 

Quality Control Equipment Company 
2505 McKinley /VvenOe 
Des MoiRes, Iowa 50315 



^14. 



W-Con Scout, Surveyor, ai^ Sentinel 

,"N-Con Systems Cdmpan/, Inc.' 
Clean Waters Building 
•New Rochelle/New York 10801 ■ 



1 



0 
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SuppleSient II ' 

WASTEWATER SAMPLING METHODOLOGIES 

AND 

FLOW MEASUREMENT TECHNIQUES 

Evaluation of The QJantum Science Limited 
Model OS- 3000. 

■ by 

RoBert L. GreenaTI 
^ April 19, 1976 



Manufacturer: 



^Price: ' ■ . 
Type of Sample: 

r ■ - 

Time- Composite Range: 
Sample Size: 
Construction Matefial 



Quantum Sciente ltd.. » 
27 St. Georges' Road \' 

Cheltenham, Glos/ G.L. 5d 3 OT \ 
England* , > 

$171.00 jAs^ of October 16, 1975) 

Flow related 6r time average, isokinetic 
sampling - ^ 



.3 hours to 8 days 

3 liters maximum C0.79 gallwis) 



\ 



The sample chambec^+j unplasticijred poly- 
vinyl chloride. All other parts with the 
exception of the regulator are polyprophlene. 
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Sampler Description 

The QS- 3000 -sampler offers a unique approach to liquid sam- 
pllng. It has no moving parjs, and requires no^ power to operate. • 
The-sample chamber Is Irrmersed In the sample stream, and the sample 

A 

Is forced by hydrostatic pressure through d fifin (.236 Inches) Inlet 
Into the chamber. -The sampling rate Is determined by the rate^ 
of air release, which Is controlled by the aiJifstable regulator 
and the depth of liquid libove the Inlet. The s^tnple can beX 
collected In either a flow related or time related manner. Due 
t9 the design of the inlet plug, samples ^re reportedly collected 
Isoklnetlcally. The following Is a diagram and major parts list 
Of the QS-3000. 




1. Afr regulator controlling tflMmpling ritf. 

2. Coupltr gonnacting regulator to a snolrkef, or the 
' TA Inlet^wg C$ee below). > | 

3. * Fixing arm. * / 

4. ' Snorkel coupler allowing more sru)rktls to be used 

in deep water. * 

5. One or more snorkels (3arr supplie<^ as standard). 

6. Sample chember. ' 

7. Blar>k plug. 

8. Inlet plug. 
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•For a more detailed description and operating procedure, 
refer to the 'attached brochure. 

Evaluation Prottdure - ^ ' 

Field Test , , 

J . . ^ ^ ^ 

The sampling performance evaluation'' of the. .QS- 3000 done 

at the Kansas City, Kansas Kaw Point Sewage Treatment Plant (STP) 

Effluent, yTtw^ sol Ids content of the primary. effluent Is high 

enough t^ rigorously test the ability of t,he sampler to collect 

a sample with a representative content of sqspended solids. The 

samples collected were^ cpmpared with those collected by an Isco 

1392 Installed. at the same' location. The Isco 1392 was ''chosen for 

comparison because it is the sampler most ofteti used by Water ^ 

Section personnel to sample STP effluents, and because its' sampling 

capabilities are as good as any sampler available* at this time. . 

The QS-3000 was installed in the clarifier, trough by clamping 

tH^ snorkel to trench jacks which were wedged across the trough. • 

The Isco sample inlet was placed nearby in the same trough. Samples 

were collected from both samplers for 3 days. They were analyzed 

at the .Regional Laboratory for chemical oxygen demand (COD), non- 

filter^ble solids (NFS), 'an^ arrmonia (NH3). 

f ' " ■ '■ 

Laboratory Test ; 

A laboratory test was conducted to determine if the QS-3000 

sampled at the rate at which the regulator >fas set. The sampler 

was imnersed in a 20 gallon (76 .liters) aquarium and allowed to 

sample for 24 hours. The test was performed on 2 days. 

. -134 J 



ERIC 



Results 

-The results obtained from the somparison test with 
Isco 1392 are presented below: 
March 8-9 

. ISCO QS-3000 Difference- 

COD 938 mg/1 908 mg/1 2%. ' 

*NFS J64 mg/1- ' 196 mg/1 93;, > 

- NHj- re mg/l 16 jng/t 6% 
March 10-11 

"COD 840 mg'/l 875 mg/1 

.NFS 164 mg/1 ZUinp/T 

NH3 .16 mg/1 14 'mg/1 

March 11-12 

» COD • 610 mg/1 660 mg/l 

^ NFS 112 mg/1 ,152 mg/l 
' . . NH3 T 15' mg/l 



^14 mg/yj 



\ The average percent dtfference of the dafly. results for 

COD, NFS, and NH3'are 3?, IK, and 5% respectively. The percent - 
|/a^e$ aqe vf^thih expected r random error fo> their r'espective analysi 

The. foJlowing result^ were obtained from; the laboratory • ' 
test, ^ 



. . . ._.3-18 ,3ll9. 

24 hrs, 



Sampling' Time flBL 24 hrs. « „ 

, Depth of Water f^.. 37 cm*-. •. • • • 35 lii 

. Regulator Setting 1.5 liters/24 hrs. 0.75 liters/24 hrs'l 

. Sample Collected 3.5 liters . . 2.8 liters 

V 'The sampler collected mor^ an Isrio (2) .times the amount 
for which it Was set. ^ • . ° , « 

' ' * . , ■ 

Discussion , . - 

^ ^ comparison demonstrated that the QS-^OOO is suitabTe for 
us,e as a wastewater- and s^tream compositor.^ Jhe.perpent dffferences 
of, the analytical results arevWithinqxpected random' efror for the* 

^ analyses. The charat;ter an<t anient' of suspended solids of the 
waste effl^nt were such thaAimilar results should be ej^pected 
if a stream tesrTwaiv^onjfaic'ted. , • \ ■ ' 

The results froirj.the laboraWry test, do not correlate with 

. the observations gained during ffeld testing. ..The Wvel of th^ 

. wastewater in the Kaw Point clari/ier was not constant therefore 
no. exact testing of \ampling r^ate coulij be done. .The regulator 
was set at an-^ppm^te average h^ad, \nd the amount of samp.le 

^Srfected Was observed^o l^ess than the setting, {his observa 
di4 not confirm thfe r^esults obtained from the laboratory test.. . 
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/ , 6 . . ^ . . . , 

. The laboratory test was. not an' Ideal tesySfhe liquid- was static 
while the field'testing was done in a nfoving -stream, ideal test- 
•ing of sampling rate should be dtone in amoving stream station- 
^ ary head. ^ 

Several problems Were noted- in use of the QS,-3000. It is diffi- 
' ' . to submferge an air filled container with a volume If approxi- 
"•V> mately three Oljllters {183.cubiQ inches), it must be either ^ 

. ^ weighted. or braced ir^fition in ord^r to-reniin submerged. -This 
-reqiHrement introduces the other j)roy em. thA^ar^ nd mounting ..- 
brackets «nnhe sampler. During testing. i,t SBecure?by'.clam|Jing . 
phe snorkel, but thispart is^not s^bstarttial enough, to hoTd-the 
' ianipler in a s.wift stream. Chances [Ofjireaking the -snorkel »»d 
, losing the sa#ler are too great^A metal haVness for th^^ampte 
chamber wHl have t<> b£ fabrjcateid, for future use.'"^ .• ' > 

. ' * . • • 

^ The over-all pe/forraance of the QS-3000 was jery gotid« -Con- 
sidering performa/jce. initial cost, ease of use and maintenance j * 
^ the sampler co.ald be a very useful ^piecp of equ^ent for future 
campling needs. ' . 
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''3'>* UlSilTEO STATES ENVIRCTNMENTAL P,ROTECTION AGEI\y:Y '2 

^./i SURVEILLANCE AND ANALYSIS DIVISION 

I ' . ' REGION VII 



n PUN8T0N MAO 
KANlAtClTY. KANtAl ttnt 



February 4, 1976 



Mr. .Dick' Fleenor / 
c/o' Manning Environmental Corporation 

120 OuBo4s Street ^ . ' 

P.O. Box 1356 , ♦ 

Santa Cruz /California 95061 . - * 

Dear Hr. Fleenor: ^f ^ 

, Attached is the brief report pf our efforts to use the sonar-type 
flowmeter yoQ loaned to ys for evaluation. ^Basically, we had consider- 
able difficulty in establishing the ^calibration of the unit for a 'tem- 
porary installation. You will jiftfee, we Apparently had some interference 
<fue t?o, the spread of the signal cone%id due to the lack of an adequate 
portable support for th^'transduter. The flow chart which was obtained 
from the trial of this uni^is attached. The chart sliqws remarkable^ 
stability as shown by the zero points whjch occur during the nighttirw 
hours when the pump is shut off on both days of record. The comparison 
of the. flow rjecord obtained from your sonar meter and the plant perma- 
nent flow recorder 'differ by 20 percent which is a significant yolume 
of water. This error Could be caused by an error of approximately jne 
inch i#^ the -cali brat ion of ttie unit which, as you can read in the-^^ ""^ 
attached report, could have beea easy to make. ; • 

I am, not tqp famil iar.w^t'^i ^e capabilities of the sonar-type unit 
and the .requirements for targets for calibration, but some very spe- 
cific instructions afid techniques for setup wilUbe required to make 
•this unit perform with optional accuracy for temporary field setups. 

' . ^ * ^ncerely, 

. " ■ , ^~^\^. * ■ , 

'WiHiani J. (^fer 
Chief 
* Water Section 

Attacfjinents ^ ' . ' . - ^ 
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A QUICK EVALUATION OF THE USE Of, THE • 
MANNlNG»UTL-2»eO ULTRASONIC LE^EL TRANSMITTER- 



- By , - . ' 

Karry "Ktmball 
U.S. Environmental Protection Agency, Region VII 
. Surveillance and Analysis .Division 



1 •- 



fe^rqary 4'^ 1*^76 



The purpose of this report is to oi/tll-'^eHbe procedure 'USed irt 

setting up and the problems'^encountered ttdtti th^, Marining^UTL-^lOO 

Ultrasonic Level Transmitter plus some suggestions for future use. 

.4 ' • • ^ 

The Level Transmitter was loaned to the- U.S. ,Erivfronmental Protectioru ' 

Agency by the- Manning Envi.ronmerital "QoVporaition" arfd was • used 'at -the^ 

treatment plant at. Westpoint, tlebraska, January 21 thru January 23, 1976 

'■■ ""■*'['" • 

The Level -Transmitter was*/nstalled on a six-inch Parshall flume 

with the use of a tripod. The. transducer was *lo.cated- so that there 

was about .two feet of space tetweery th<^face of the transducer and the 

highest expect^ed* level .of _;^l5w, (Experimentation in the. lab showed' 

ffjat about two feet o-f space was necessary for proper operation.) 

The distance from the face of the transducer to \Tie bottOfti*of the flume 



was measured to be 44 Inches. The trcwisducer wns then rniiovtd and 
♦positioned over a manhole c»er for caUbratlon. Is where problems 

-were encoAjnter^d. The tripod was not tall enough to hold the transducer 
, 44 inches above the Jtkrqet (manhole cover). One member of the team had 
to hold the transcfDcer 44 inches above the target whil^ another set the 
range as describe.d- in the attached CalibratiOR instruction sheet. It 
was difficult to hol^d the transducer absolutely at the'ri^ht height and 
level which caused the meter to jump while it was being, zeroed.' Also, 
the presence of the person holding tiK transducer will cause a change 
. in the reading. (This was determined in the lab before the field test.) 
Antfther/>ossible rSource of error was the fact that the manhole cover 
had three riips l/2-3nch high and 3/4-inch wide qiPi top oV^jt. 
^ * ' The transducer was then positioped 23 inches '^bove the target. 
This co'ulcl be done "with the tripod. The span was set according' to the 
* Calibratior^ instruction sheet. This gave a span of 21 inches (from 44 
inches t^O 23 inchei^ It was placed 44 inches above the bottom of the 
flurrie in ^ po'^ition (there >s a bubble on the top of the trans- 

duQGr for this p'jrpose) and secured* with fiberglass tape.- 

Due to tho'' fact, ui^t the meter could not -be brought to zerd or 
lOO* without the g.cho light remaining on (see the Cal ibration* sheet) , the 
rtieter readings at the j^4- and^ 23-inch distances were marked on the strip 
chart recorder"^ This left the 21 -inch span with 47 units on the paper 
tape inS'tead of fifty. ' 
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The instrument case with strip chart recorder was wrapp^ in a 
plastk bag an(^.set on the. ground. The caieappwlred to 'be well sfealed 
against moisture,, but the plastic bag was used for added protection * 
against frdst, . -^^ ^ 

The firsthand most important recommendation is the use of a tall 

Jtripod, The largest source of error is probably in the calibration of 

-» * 

the instrument. The setlisng of the range was very rough due to the lack 
of a solid support. A collapsible five-foot tripod would have increased 
' the. precision of the range calibration subst,aritially. It would^b? best 
if the tripod were designed so -that the leveling of the transducer 
could, be done with thumb's *ews 'rather than by moving the tripod, which * 
also changed the height of the transducer, * ; ' . - 

A steel target should be carried by the operatdr-for calibration 
rather than relying on finding a rtiaqhole cover or something else. at the 
treatment plant. ... ^ 
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[ CAUTION; D O NOJ-'OPERATE THIS UNIT WITH TRANSDUCIIt-OtSCONECTED. 
Ttim power on ^ * 

*- 

• * • % 

Turn span and range pots 'CQi to stops • ^ . 

Perpendicular a) exactly upright or vertical, b) being at right 
angles to a given line or plane . < * 

♦ 

Note: In all ca5es, the Transducer face must bye parallel to the 
surface being measured, so the beam will be perpendiculaf 
t^ the surface. 4, ' . 



Set target at zero level (niinidiujii level, no flow, maxiaium distance^ 



Turn range pot CW until echo light stops flashing, tKen turn slcwly 
CCW until meter reads zero % (Note:, echo light may flash occasionally, 
but not refulatrly. Twea?< pot if necessary) 

Move target to max level (Full flow, minimuio. distance) 

* 

Turn span pot CW uJltil echo light stops flashings then QCrf until 
meter reads 100%. (The..echo light may flash occasionally, causing 
the neter to jump above lOQ^i. T*<eak pot for 100%) 



1 I 

What it. Tells You , 
Power On, ^Calibration Switches D9wn 

OFF: Good Echo,^ln range, in span 

FLASHING: Good Ecl^, out of range, span, or both^ 

CN; Inadequate (bad) ec}io " ' H ' 

Not^: False ^dications * ' \^ 

1. If power off or low ' . ^ 

2. If gain too hieh (meter o*'rr 100% and echo light out) 

3. Unit imp^ 'p*-rly grounded \,meter over 100%, or bouncing 
aroujid) ^ 



GAIN (Aining'the Transducer) * 

Lift Dieter switch up, the meter now indicates the strength-^of the rctui;:n< 
echo. Wit^ the target at min. feveL (-zero, max distance froa Transducer) 
aim the Transducer fro a maximum indication. ' 
|. If over 100?i reduce gain (CCW) 
2, If under 70% incriksc gain (Of) \ 
It is noTcal for rfie meter *c-bcunce about l0%, if it periodically bounces 
above and beiow this anount, eith^x^the target is moving (ripples, waves 
turbulent air between Transducer and surface) or the unit is iEprcuerly 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY '133 
'/^^'i .SURVEILLANCE AND ANALYSIS DIVISION 

\^532i REGION Vll f 

\^ ^^(T » FUNSTON flOAO 

KANSAS CITY. KAHSAi MHi 

.February 4, 1976 

Mr. Dick Fleenor 

Manning Environmental Corp. , • '* • 

120 OuBois Street" , • ^ 

P. 0. Box. 1356 

Santa Cruz, California 95061 
. Dear Mr. Fleenor: » ' 

We appreciate the opportunity to test the prototype Portable Discrete 
Wastewater Sampler Mode] #4040 which you recently sent u^ As we haye 
discussed before, we feel that this unit and its predecessor the S-4000 
are among the most flexible and desii*able units on the market' today. We 
, have used the compositor for several weeks .in various sample collection 
efforts and are now packing it up to ship it back to you. 

' " ' ' * 

Basically the uni^^ is similar to the S-406o in .that- it operates 
with a vacuum pump off a 12 volt lead acid 4)attery contained in the case. 
The intake velocity with the sample"hose sO^Nplied is 5.0 to 5.1 fps at 
•a 3f-foot suction head. The unit supplied to us operated through 4%. 
days of hourly sample collections of 300 ml samples .at a 3-foot s^jction 
head with- one fully charged batlery as supplied. ^ \ 

Specific comments by oDr field staff are listed below and should 
be e\^luated from the perspective that we do feel this is one of the 
be^t units on the market today. 

'„ A, Specific Attractions . 

1. The new^quick connect intake hose fitting is a reaT time, 
saver, especially during cold weather, and performed ' 
flawlessly during our trials. 

' 2. Addition of the samples/bottle-rbottles/sample option 

significantly increases the range of application of this 
unit. • . , • } 

3^ Sealing the controls against the atmospheVe in the ^ 
— installation sides should improve the longevity of the 
circuitry. ^ . • 

B. Areas of Needed Improvement ^ , 

^.1. The ^normal way we carry the compositor to and from*each 
^ site is by one handle. In this position the lead acid 
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battery rouFinely leaked on the components of the saapler 
mechanism, on the ground, and occasionally on'the clothes 
of the sample collector. , 

2. The ca^e hardware and fit of the components is still not 
ideal. As received from you, some of the latches were 
loose' and by the time we had used the unit for a month it 
was necessary to take numerous extra precautions to keep 
the parts together. , , 

3 'The manual cycle switch which was on the S-4000.afld has 

now been deleted was a very desirable feature and should 
< have been retained. We routinely use this to check 
performance at each installation prior to leaving the 
site. 

• 

4 ' The ice- compartment is still not large eiioogh to maintain 

4*0 durijg the summer and the shape of the bottles is not . 
conduciP^to removing all the solids when measured quantiti 
are removed for preparation of whole composites. 

5 We frequently have access to 110 Volt AC at sampling sites 
and it would be a distinct advantage to have the compositor 

< ■ capable of AC-DC operation. 

6 Our limited experience with the new type sample aliquot 

' " size mechanism, is that it is a large step backward. The 
' knife edge slot created by the spiral slotted sleeve l^ds 
to cattch any stringy solids and cause the volume of the ^ 
sairipTes colle cted to v ary considerably during the cc^posite 
peri od . 

7 A-quick conn^>itting on the distributor arm similar to 
that on the intake hose would facilitate use of the #4040 
with a single bottle and increase its flexibility. 

^ I hope this -review suits'your expectations and we wiH be pleased to 
cooperate in similar efforts. in the future, if you so desire. 



Sincerely, 

William J. Ke 
■ Chief 
Water Section 
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UrsHTED STATES ENVIRONMENTAL PROTECTION AGENCY US ' 



SUBJECT: Sigmamotor LMS 4O0 Flowmeter Serial Numbers 118 DATE: July 16, 1975 
and 127 ^ * 

FROM: Daniel J. Harris 
Sanitary Engineer 

TO: All Water Survey Staff 

Ttie subject instruments have been tested under laboratory . 

. _ CoMiJi^ns. at .various controlled temperatures using the following 

flow rate situation: - \ 




Primary Devic4^ 


18-inch Marshall flume . 


Head (constant) : 


10 inch (0.833 ft) 


'Flow R^te (cale^lated): 2.93 mgd (4.530 ft 3[/sec) 


The following data indicate the maximum percentage variation 
in flow at the three temperatures which were selected: 


Temperature 


Instrument Sertal Number 


!C %IF 


m 127 


- 25 77 


0 -2 


5 41 


-3 -4- 


46 114 


^ ' +10 - +3 


30 86 


-1 -2 


Over the four-day testing period, the mean daily flow rate 
of instrument No. 118, as determined from the instrument totalizer, 
was within 0.5 percent of the calrulated rate. The tptaltzer 
reading of instrument No. 127 was also within this percentage. 



Previous difficulties with these instruments are considered 
to be eliminated and the subject equipment fully suitable for 
field work. " * . 



PPA 1320.6 (R.V. 6.72) 
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UNITED STATES eNVIRONMENTAL PROTECTION AGENCY 

SUBJECT. Evaluation* of the Instrumeniation S^^bcialties iMTE; July 23, 1975 

Comparvy (I^CO) Hodei 1700 Flow Meter * • • 

FR05*: Daniel J. Harris ^ 

f Sanitary Engineer, Water Secticrt, Region VII 

TO' Files 

The prototyp^of the subject instrument, which was not in 
production at the time of this writing, was loaned to the^Water 
Section for evaluation. This mem6randum reports the results of 
a .laboratory test which was run on the' ISCO 1700 and presents 
an appraisal of the instrument featiire?. 
S 

A brief list of pertinent specifications of the 1700 Flow 
Meter follows: - . - 

Sensor : Head level press^urf^ detector 

Powgr Source : 12-v DC or power pack for 112-v conversion 

Pressure Source : Internal air pump and tanTc ' 

Size : Length 18.5 in. (with battery^ ^ - 

Height 10.1 in. . " ^ 
W1fl| 10 in. ^ 

^hart Recorder : None, has output terminaT 

Total izer : Direct read put, no conversions - can be reset 

to zero 

Bubble Rate : Adjustable externally ► 
' Head Rar>ge : 0-1, 0-2, and 0-3 ft ' 
Cage: heavy plastic, reportedly waterproof 

Cjise Latcngs : Plastic ' - . * ' 

* ' • ' ' t ^ 

/rice: Not available 



The subject instrument was tested at various -temperatures ' 
unde/* laboratory corrditions usinq the following simulated . 
situation: . • 

Primary Device: 18-Inch Parshajl flume - • 

Hdad: ' 10 Inches (0.833 ft)" ^ - ' 

. . 148 
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Formula: Q = 4W Ha 'z^^^" , 

- • . • W = throat wulth, ft 

; -Ha/.^; > Head, ft . » . - 

• ■ ^ QfO 833 ft) 4.530 ft 3/sec ^ ' 

TXj ^ 2:93 MGD ^ 

* is 

Instrument Settingst . . . * 

Range = 1 ft • , . 

■ y * - • ^ 

Scaling constant = fr.QD ft 3/sec* 

*F.low rate through. 18- inch Parshall flume, with f-ft head. ^ 

^Jhe following table indicates the temperatures at which Ihe 
instrument was tested and the flows taken from the instrument 
flow totalizer as well as the calculated elapsed flows. ^ 



Date 


Time 




Elapsed 
* Time 


Totalizer. 


Calculated 




July 




Temp. 

°c- 


Reading 


Total f 


Remarks 


1975 


Military 


Seconds 


FTow ft-^ 


— <^ — ^ 


11 


, 1140 


f 

25 


0 


0 


"0 


.RoQm Temperature ^ 


11 


1152 


25 


720 


3,090 


3.261 




11 


•1244 


25. 


3,840 


17,450 


17,395 




11 


1506 


• 25 - 


12,360 


55,890 


55,990 




11 


2016 


25 


•30,960 


137,640 


140,248 




12 


•• 1720 


25 


106,800 


-•480,720 


483,604 




12 


1730 


25 


107,400 


481 ,940- ^ 


486,522 




1-4 . 
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An. examination of tfie tabWwould indicajtc'/hat the totalizer 
flows cdmpared^ favoipably with trtie calculated 'fJ^s ahd were' WfelV " 
wHhjn the toler^ances" neededJor^arfy practica/ application. Temp- 
erature change had^no noti^alSl-e effect on the -lost t7m»rit otNr 
thqn producirtg* sorrje' 'varla^onf in water volume which^resulted^n 
minor changes in hea3. This change' was prdbably 'responsible for 
the difference between the totalizer readings and the calculated 
flow^ rate. • . * 



; . The instrume'rit was founfd to be simple to set Up. The end 
' "of the 1/5, ini I.D. bubble tu|De does not have tft be at the same 
^ elevatloo as the bottoragjfc^^st of the primary device/ Difference's 
in elevation^. (within- D^|H|dn bie zeroed out v*ith an adjustment 
knob. The, instrtimfent is p^^equipped with a sensor^Mch detects' 
sudden in<|g|ases l/i head lindlni 11 momentarily increaw#tffe air v 
"flow ratea Th^s fearture reduces wafting fcinfe in setting up and 
, calibrating the flowmeter. - . ^ ^ 

The instrument' requires a separate cirtular disk, which is 
, read. electronically^ by the-iTistriimen^^for each type of primary 
device. .These disk's a/e- readily changed in a' matter of seconds. 

. ^The instrument tested was wellcoftstfucted with good/quality 
.har<S|(enre.' The heavy plastic-ca^e. would ejppear to permit a great, 
deal oTabuse. ^ - 

. • The flexible plastic la^tches on the. prototype are a sour?e 
of Concern. • Field experience by, the Water Settionhas indicated' 
''that this type of latch frequef\tly breaks, after a- fe» jnonths of ' 
use. ^ ... A ^ 

Frgm the standpoint of simpTicity and 6a'se of -^stallation, ^ ^ 
a self-contained recorder' would be desirable for monitoring flow 
.patterns. ' ' ^ 

' for monitoring ffteds ixf^various regulatory agencies, it wuld 
be useful if the cas#4iad a' bu-ilt-in compartment for storing the 
^ extra disks necessary' for different- primary flow devices; ^ 

The case was not equipped- with a hafTdTe. In idme monitoring^' 
/sifiJationss such'^as^'a tnanhole, a" surface' for setting the^' instrument 
on is not available. The m'anufaicturer should' give some consideration 
to^providing a handle ^or^ some feaHre which will enable a^eld 
crew^ suspend tfee instrument. Suspension o/, the prototype -would 
be ^^ewhatwjifficuTt*. ' ' ' 

♦The instruineriC lasted was not equipped 
switch. 
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-The zero adjust". knob of the instrument .tested^as found** '-^^^^ 
to be extremely sensitive on the 0 to 1 foot range. CaH^jratlon ' 
of the instrument could be easily lost by inadv.er.tently brushino , - 
against this knob.^ The manufacturer should consider' putttna a > - 
locking device on the knob. ' 

This- instrument was returned to IJie Insfcumentation Specialties 
Company. USOg on July 18, 1975. At tTat timi, the itianufacturer 
indicated tP^ a chart recorder, would be made available for this " 
instKiment ' . " 

•. Wibh the optional c ha r^t^pgf order and- the minor modifications 
recommenAd, the ISCO 1700 is^'udged to be entirely suitable for 
^4se by the Water Section in its routine . monitoring activities. 



• SUPP.L-EMLNT 1 ^ . 
WASTEWATER SAMPLING. METHODOLOGIES 

AND * 



FLOW MEASUREMENT TECHNIQUES 
SIGMAMOTOR MODEL MV-1 
K.- S. RITCHEY ' 
JULY 24, 1975" 



INTRODUCTION 



This report is a supplement to theWater Section's ongoing 

evaluation of new wastewater sampling eqtiipment and flow measufement 

I 

devices. Pr^eaente'd are the results of a limited laboratory an(j 

field evaluatfon of the Si gmamotor Model MV-1 wastewater sampler 

whifh was loaned to the section through the cpurtesy of the 

manufacturer. . * 

SAMPLER ,S9ECIf ICATIONS ■ ,^ ^ ■ j ; 

Power Supply :i 112-v AC ^ . j 

Type of Pump:i ^Finger Pump ^ . . j 

^ Purge Cycle^: ; Yes ' t^ j 

^ Type' of Sample: Time composite * • ' ' j 

• Case Mciterj^l|: Fibenglajs ^ ^ . I ; 

Size: 13.3 i 15.2 x '34.2 inches (33'^8 x'28.7 x ^7- cm) ' 1 

Timer: Digital type ser%ie5'333 Shawnee Programmable - Mode So^d- 
^ ' Sta^e Timer ' ' % ^ . 

Sample Cycle 'Time: 1/100 to 99.^9 minutes ^ ' - J . . 

Sampling Timd:- 1^100 to 99.99 minutes ^ ' \' 

' V^ice: $1,480 152 . " ^ ! ' 



Sampl ing •Coll'ection Container: ManufactVrer recomniends 5 gallon 

•; '' ■ ' • (1ft. <5 liter) container 

•Intake Tube ID: 0.^25. o> 0.375 inches -(0.635 or 0.37S cm) 

Motor'^orsepower: 0.25" - ^ , . * ^ ^ - \ 

Maximum Head: 16.5 ft*'(5^ m) * ^ , 

Sample Collection Container Compartment; None. m 

j» • 

The unit collected varying volumes of^sample at preset time 

\. . # 

intervals^ Sample volufnes were dependent upon- head, inta4ce tube 
IDi^cycle time, and pumping rates. Pumping rat-es w^re% adjustable 
^P^ugh a variable gear reducer located between the pump and* 
motor. The maximum setting of the reducer produced 450 rpm^." 

■ The output sta^e of the. timer can have the tim'ing sequence 
changed hy means of external jumpers which can make the timet an 
interval timer, a delay timer, or a repeat^cycle pulse generator. 
TESTING " - ' " ' u 

The laboratory phase of fhe £Valuation*was confined to deter- 
mining the (naximom intalce velocity of the sampler using Tygon 
intake tubing- with two differ*ent diameters. Each of the intake 
Uif>es were 25 ft (7.6 m) loncj agtl were connected to^ a 0;5 m (1 .27 cm) 
'ID tube which w|s fixed to the finqer pump. The results of- the 
tests whiqh were run at zerd tiead are as follows: 

Setting Intake Tube ID, inc^hes (cm) Intake Velocity, Tt/sec (irt./sefc). 
Maximum ' 0.375 (0.952) . • 1.^(0.58) 
Maximum ' 0.25 (0.635) . / ^^"^"^^ 

The second phase ofthe testtng was conduin:ed at the Kansas, City, 

153I • * 
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K.ins,is; Kaw Point Sowqo rroatijipiit IM.^nl. }h\\ \y\\A\r conthh tWfl 
to determine the operational reliahilitv of the unit when to 
sample a raw waste<iater.( The raw waste of the Kaw ^Mfnt-pUnt 
includeb domestic as weljl as industrial wastewater, jfej^^peist^ 
e)Cperience, this v^st^^jQi^found to be very difficult to sample 
because of meat scraps and fiberous type material which plugqed 
sampler intake lities^. valves, and metefirig chambers. Pertinent' * 
infomjation regarding the scjmplinq situation and the instrument ^ ^ 
settings were aslHFo^lows: ' ^ 

Sampling +jead\- 6, ft (1.8 m) ^ 
•Intake Tube ID: 0.25 and 0.375 inch (0.635 and 0,952 cm) 
Pump Setting: Maximum . . ^* ^ ^ , 

1 ' ^^ "hi^fce Tube 10 f 

" 0.25 in. (0,635 cm)^ 0J75 ih. (G.952 cnt). 
Cycle Time: " .^1 minute . 1 minute 

Sample Time: ^a"^ seconds^ ' ' 18 seconds 

Sajnple Volume Per Cycle:^ 350 jnl ' 260 ml 

The sampler was- tested with each of the two sizes of intake^ 
tubes' thrmigh 48. cycles. The unit did not plug or fail to take a 
. setmp>e thrmighout the 48 cycles with either d'f .the two intake tubes. 
^ OPERATIONAL DEFICIENCIES . - . . 

. During, the laboratory a?|l^.field tesjin^ the Water Section , 
noted several operational problems with. the u#it Which included 
the following: 

1. .The rubber gasket around the edges of the fiberglass case 

< 

came loose, s • - >^ ^ . 
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2. Ther^ were air leaks at the tube connections which* salted 

^ -A 

in decreased sample volume's. Section personnel rectified this 
'deficiency by securing the collections with small hose clamps.^^ 

3. The end of the tube on the discharge side of the puipp had' 
to be kept above the liquid level in the sairfple collection container. 
If the tube was in contact, back siphoning occurred^fol lowing tTie 
purge 'K:i^cle. ' , ^ 

• 4; ^.The-^'r pressure bul b collecfe^ moisture which recluced ^ 
the amourrtrbf air used to purge^the intake tube after sanDTHiq. 




5. When the intake tubing ^was ifi a horizontal plapF/^e 
-p^rge cycle did mt clear the ir^ake tube, • * ^ 
OVERALl APPRAISAL 0F*S AMPLF^ ' ' ' • ^ '^cjft* * 

When evaluating samplers, the f indinqs^f* the sectiW are 
'o^^nted toy^ard the monitorinq needs of the division and tend to 
reflect judgements based trpon' past collective experience." This^ 
* appraisal^ was written with these constraints in mind. 

The v^riafle intake veloci^ of the Siqmamotor Model MV-1 w 
was a desirable feature which was not available in othej* equipment 
on the market. 'The heavy duty equipment usedM'n constricting, the 
Unit appeared to make it ideal for permanei^ monitorinq installations 
\^iViv6lvifig raw wastewaters with heavy suspended solids. Data were 
not a^vailable to indicate whether or not the maximum intake velocity' 
rof this unit was sufficient to produce representative samples of 
raw wastewaters; ^ ^ • 



Those characte.ri5tics which made the sampler suitable for 
permanent locations detracted, from the usefulness of the unit^Tor 



the TX)utine five and sjx day dompliarrc^ monitortmi investlqatlons ' 
conducted by the s^ction/^%TOse sampler features or lack of^thecn 
included the sfze and weight, -the absence of a battery power option, 
and the tapk of an insulated s^ple collectipn container compartment. 

Based . on the ,need5 of the Water Section, the Stqmamo tor Model 
MV-1 was not found to be a signif icarv^improvement ^ver other 
wastewater /sampi inq , equipment on the market. ^ ^ 
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